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57 ABSTRACT

An electroluminescent display apparatus includes: a sub-
strate including: first to third subpixels, a circuit device layer
including a driving thin-film transistor respectively in each
of'the first to third subpixels on the substrate, a first electrode
respectively in each of the first to third subpixels, a light-
emitting layer on the first electrodes, and a second electrode
on the light-emitting layer, wherein the first electrode of the
first subpixel includes: a first lower electrode, and a first
upper electrode, wherein the first electrode of the second
subpixel includes: a second lower electrode, and a second
upper electrode, wherein a distance between the first lower
electrode and the first upper electrode differs from a distance
between the second lower electrode and the second upper
electrode, and wherein the first lower electrode and the first
upper electrode are electrically connected to each other
through a first contact electrode therebetween.
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FIG. 3A
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FIG. 8A
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1
ELECTROLUMINESCENT DISPLAY
APPARATUS COMPRISING MULTILAYER
ELECTRODE

CROSS-REFERENCE TO RELATED
APPLICATION(S)

This application claims the benefit of and priority to
Korean Patent Applications No. 10-2018-0089425, filed on
Jul. 31, 2018; No. 10-2018-0131057, filed on Oct. 30, 2018;
and No. 10-2019-0045038, filed on Apr. 17, 2019, the
entirety of each of which is hereby incorporated by refer-
ence.

BACKGROUND

1. Technical Field

The present disclosure relates to an electroluminescent
display apparatus, and more particularly, to an electrolumi-
nescent display apparatus for emitting white light.

2. Discussion of the Related Art

Electroluminescent display apparatuses are apparatuses in
which a light-emitting layer is between two electrodes (e.g.,
an anode electrode and a cathode electrode), and emits light
with an electric field generated between the two electrodes,
thereby displaying an image. The light-emitting layer may
be formed of an organic material or an inorganic material,
such as a quantum dot. In the light-emitting layer, an exciton
is generated by a combination of an electron and a hole.
When the exciton is shifted from an excited state to a ground
state, light is emitted.

The light-emitting layer may emit light of different colors
(for example, red, green, and blue) in subpixels, and may
emit light of the same color (for example, white light) in the
subpixels. When the light-emitting layer emits light of
different colors by units of subpixels, because different
light-emitting layers should be deposited in subpixels using
a mask, there is a limitation in which a mask process is
additionally performed. When a mask is not precisely
aligned, there is a problem in which it is difficult to deposit
the light-emitting layer in each subpixel.

On the other hand, when the light-emitting layer emits
light of the same color (for example, white light) in subpix-
els, a mask for forming the light-emitting layer is not
needed. Thus, a problem caused by a mask process does not
occur.

However, when the light-emitting layer is implemented to
emit white light, a color filter should be further provided in
each subpixel. Light emitted from the light-emitting layer is
absorbed by the color filter, causing a reduction in light
efficiency.

SUMMARY

Accordingly, the present disclosure is directed to an
electroluminescent display apparatus that substantially obvi-
ates one or more of the issues due to limitations and
disadvantages of the related art.

An aspect of the present disclosure is to provide elec-
troluminescent display apparatus that includes a light-emit-
ting layer for emitting white light and that enhances light
efficiency.

Additional features and aspects will be set forth in the
description that follows, and in part will be apparent from
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2

the description, or may be learned by practice of the inven-
tive concepts provided herein. Other features and aspects of
the inventive concepts may be realized and attained by the
structure particularly pointed out in the written description,
or derivable therefrom, and the claims hereof as well as the
appended drawings.

To achieve these and other aspects of the inventive
concepts as embodied and broadly described, there is pro-
vided an electroluminescent display device, including: An
electroluminescent display apparatus, including: a substrate
including: a first subpixel, a second subpixel, and a third
subpixel, a circuit device layer including a driving thin-film
transistor respectively in each of the first to third subpixels
on the substrate, a first electrode respectively in each of the
first to third subpixels on the circuit device layer, a light-
emitting layer on the first electrodes, and a second electrode
on the light-emitting layer, wherein the first electrode of the
first subpixel includes: a first lower electrode, and a first
upper electrode, wherein the first electrode of the second
subpixel includes: a second lower electrode, and a second
upper electrode, wherein a distance between the first lower
electrode and the first upper electrode differs from a distance
between the second lower electrode and the second upper
electrode, and wherein the first lower electrode and the first
upper electrode are electrically connected to each other
through a first contact electrode therebetween.

In another aspect, there is provided an electroluminescent
display device, including: a first subpixel including: a first
emission area, and a first contact area, a second subpixel
including: a second emission area, and a second contact
area, a third subpixel including: a third emission area, and a
third contact area, a first lower electrode and a first upper
electrode in the first emission area, a second lower electrode
and a second upper electrode in the second emission area, a
third lower electrode and a third upper electrode in the third
emission area, a first contact electrode in the first contact
area, the first contact electrode being electrically connected
to: the first lower electrode, and the first upper electrode, a
second contact electrode in the second contact area, the
second contact electrode being electrically connected to the
second upper electrode, and a third contact electrode in the
third contact area, the third contact electrode being electri-
cally connected to the third lower electrode, wherein a
distance between the second lower electrode and the second
upper electrode is less than a distance between the first lower
electrode and the first upper electrode, and wherein the
distance between the second lower electrode and the second
upper electrode is greater than a distance between the third
lower electrode and the third upper electrode.

Other systems, methods, features and advantages will be,
or will become, apparent to one with skill in the art upon
examination of the following figures and detailed descrip-
tion. It is intended that all such additional systems, methods,
features and advantages be included within this description,
be within the scope of the present disclosure, and be
protected by the following claims. Nothing in this section
should be taken as a limitation on those claims. Further
aspects and advantages are discussed below in conjunction
with embodiments of the disclosure. It is to be understood
that both the foregoing general description and the following
detailed description of the present disclosure are examples
and explanatory, and are intended to provide further expla-
nation of the disclosure as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, that may be included to
provide a further understanding of the disclosure and are
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incorporated in and constitute a part of this specification,
illustrate embodiments of the disclosure and together with
the description serve to explain various principles of the
disclosure.

FIG. 1 is a plan view of an electroluminescent display
apparatus according to an embodiment of the present dis-
closure.

FIGS. 2A to 2C are cross-sectional views of an electrolu-
minescent display apparatus according to an embodiment of
the present disclosure.

FIG. 3A is a plan view of an electroluminescent display
apparatus according to an embodiment of the present dis-
closure.

FIG. 3B is a cross-sectional view taken along line A-B of
FIG. 3A.

FIG. 3C is a cross-sectional view taken along line C-D of
FIG. 3A.

FIG. 3D is a cross-sectional view taken along line E-F of
FIG. 3A.

FIG. 4 is a cross-sectional view of an electroluminescent
display apparatus according to an embodiment of the present
disclosure.

FIG. 5 is a cross-sectional view of an electroluminescent
display apparatus according to an embodiment of the present
disclosure.

FIG. 6 is a cross-sectional view of an electroluminescent
display apparatus according to an embodiment of the present
disclosure.

FIG. 7 is a cross-sectional view of an electroluminescent
display apparatus according to an embodiment of the present
disclosure.

FIG. 8A is a plan view of an electroluminescent display
apparatus according to an embodiment of the present dis-
closure.

FIG. 8B is a cross-sectional view taken along line A-B of
FIG. 8A.

FIG. 8C is a cross-sectional view taken along line C-D of
FIG. 8A.

FIG. 8D is a cross-sectional view taken along line E-F of
FIG. 8A.

FIGS. 9A to 9H are process cross-sectional views of an
electroluminescent display apparatus according to an
embodiment of the present disclosure.

FIG. 10 is a cross-sectional view showing a possibility
that emission efficiency is reduced in an electroluminescent
display apparatus according to an embodiment of the present
disclosure.

FIGS. 11A to 11C are cross-sectional views of an elec-
troluminescent display apparatus according to an embodi-
ment of the present disclosure.

FIGS. 12A to 12H are process cross-sectional views of an
electroluminescent display apparatus according to an
embodiment of the present disclosure.

FIG. 13 is a cross-sectional view of an electroluminescent
display apparatus according to an embodiment of the present
disclosure.

FIG. 14 is a cross-sectional view of an electroluminescent
display apparatus according to an embodiment of the present
disclosure.

FIG. 15 is a cross-sectional view of an electroluminescent
display apparatus according to an embodiment of the present
disclosure.

FIG. 16A is a plan view of an electroluminescent display
apparatus according to an embodiment of the present dis-
closure.

FIG. 16B is a cross-sectional view taken along line C-D
of FIG. 16A.
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FIG. 17 is a plan view of an electroluminescent display
apparatus according to an embodiment of the present dis-
closure.

FIG. 18 is a cross-sectional view of an electroluminescent
display apparatus according to an embodiment of the present
disclosure.

FIGS. 19A to 19C illustrate a head-mounted display
(HMD) apparatus according to an embodiment of the pres-
ent disclosure.

Throughout the drawings and the detailed description,
unless otherwise described, the same drawing reference
numerals should be understood to refer to the same ele-
ments, features, and structures. The relative size and depic-
tion of these elements may be exaggerated for clarity,
illustration, and convenience.

DETAILED DESCRIPTION

Reference will now be made in detail to embodiments of
the present disclosure, examples of which may be illustrated
in the accompanying drawings. In the following description,
when a detailed description of well-known functions or
configurations related to this document is determined to
unnecessarily cloud a gist of the inventive concept, the
detailed description thereof will be omitted. The progression
of processing steps and/or operations described is an
example; however, the sequence of steps and/or operations
is not limited to that set forth herein and may be changed as
is known in the art, with the exception of steps and/or
operations necessarily occurring in a particular order. Like
reference numerals designate like elements throughout.
Names of the respective elements used in the following
explanations are selected only for convenience of writing the
specification and may be thus different from those used in
actual products.

It will be understood that, although the terms “first,”
“second,” etc. may be used herein to describe various
elements, these elements should not be limited by these
terms. These terms are only used to distinguish one element
from another. For example, a first element could be termed
a second element, and, similarly, a second element could be
termed a first element, without departing from the scope of
the present disclosure.

The term “at least one” should be understood as including
any and all combinations of one or more of the associated
listed items. For example, the meaning of “at least one of a
first item, a second item, and a third item” denotes the
combination of all items proposed from two or more of the
first item, the second item, and the third item as well as the
first item, the second item, or the third item.

In the description of embodiments, when a structure is
described as being positioned “on or above” or “under or
below” another structure, this description should be con-
strued as including a case in which the structures contact
each other as well as a case in which a third structure is
disposed therebetween. The size and thickness of each
element shown in the drawings are given merely for the
convenience of description, and embodiments of the present
disclosure are not limited thereto. Also, the term “con-
nected” should be understood as including “electrically
connected.”

Features of various embodiments of the present disclosure
may be partially or overall coupled to or combined with each
other, and may be variously inter-operated with each other
and driven technically as those skilled in the art can suffi-
ciently understand. Embodiments of the present disclosure
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may be carried out independently from each other, or may be
carried out together in co-dependent relationship.

Hereinafter, an electroluminescent display device accord-
ing to an embodiment of the present disclosure will be
described in detail with reference to the accompanying
drawings.

FIG. 1 is a plan view of an electroluminescent display
apparatus according to an embodiment of the present dis-
closure.

In FIG. 1, only three subpixels are illustrated for conve-
nience, but embodiments may be not limited thereto.

As shown in FIG. 1, the electroluminescent display appa-
ratus according to an embodiment of the present disclosure
may include a substrate 100, a plurality of first electrodes
310 to 330, a plurality of contact electrodes 410 to 430, and
a bank 600. A plurality of subpixels (for example, first to
third subpixels) P1 to P3 may be on the substrate 100.

A plurality of emission areas (for example, first to third
emission areas) EA1 to EA3 and a plurality of contact areas
(for example, first to third contact areas) CAl to CA3 may
be respectively in the plurality of subpixels P1 to P3. For
example, the first emission area EA1 and the first contact
area CAl may be in the first subpixel P1, the second
emission area EA2 and the second contact area CA2 may be
in the second subpixel P2, and the third emission area EA3
and the third contact area CA3 may be in the third subpixel
P3.

The plurality of emission areas EA1 to EA3 may be
defined by the bank 600. For example, the plurality of
emission areas EA1 to EA3 may be regions that may be
exposed, without being covered by the bank 600. The first
emission area EA1 may be a red emission area, the second
emission area EA2 may be a green emission area, and the
third emission area EA3 may be a blue emission area.
However, embodiments of the present disclosure are not
limited thereto.

The plurality of contact areas CA1 to CA3 may be in a
region covered by the bank 600. Therefore, each of the
plurality of contact areas CA1l to CA3 may be outside one
side of a corresponding emission area of the plurality of
emission areas EA1 to EA3. For example, the first contact
area CA1 may be outside an upper portion of the first
emission area EA1, the second contact area CA2 may be
outside an upper portion of the second emission area EA2,
and the third contact area CA3 may be outside an upper
portion of the third emission area EA3. However, embodi-
ments of the present disclosure are not limited thereto.

A plurality of contact holes CH1 to CH4, CH21 to CH24,
and CH31 to CH34 may be respectively in the plurality of
contact areas CA1l to CA3. Thus, a step height may occur.
Therefore, when at least a portion of each of the plurality of
contact areas CA1 to CA3 is exposed without being covered
by the bank 600, and overlaps a corresponding emission area
of the plurality of emission areas EA1 to EA3, a problem in
which lights may be not uniform in the emission areas EA1
to EA3 may occur due to the step height. Therefore, in an
embodiment of the present disclosure, the plurality of con-
tact areas CA1 to CA3 may be covered by the bank 600, and
thus, may not overlap the plurality of emission areas EA1 to
EA3. However, embodiments of the present disclosure are
not limited thereto, and there may be a possibility that at
least a portion of each of the plurality of contact areas CA1
to CA3 may be not covered by the bank 600. Thus, the
plurality of contact areas CAl to CA3 may overlap a
corresponding emission area of the plurality of emission
areas EA1 to EA3.
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The first electrodes 310 to 330 may be respectively
patterned in the subpixels P1 to P3. For example, one first
electrode 310 may be in the first subpixel P1, one other first
electrode 320 may be in the second subpixel P2, and one
other first electrode 330 may be in the third subpixel P3.
Each of the first electrodes 310 to 330 may function as an
anode of the electroluminescent display apparatus.

The first electrode 310 of the first subpixel P1 may extend
from the first emission area EA1 to the first contact area
CAl. An exposed portion, which may be exposed without
being covered by the bank 600, of the first electrode 310 may
be the first emission area EA1. The first electrode 310 of the
first subpixel P1 may be connected to the first contact
electrode 410 in the first contact area CAl.

The first electrode 320 of the second subpixel P2 may
extend from the second emission area EA2 to the second
contact area CA2. An exposed portion, which may be
exposed without being covered by the bank 600, of the first
electrode 320 may be the second emission area EA2. The
first electrode 320 of the second subpixel P2 may be
connected to the second contact electrode 420 in the second
contact area CA2.

The first electrode 330 of the third subpixel P3 may
extend from the third emission area EA3 to the third contact
area CA3. An exposed portion, which may be exposed
without being covered by the bank 600, of the first electrode
330 may be the third emission area EA3. The first electrode
330 of the third subpixel P3 may be connected to the third
contact electrode 430 in the third contact area CA3.

The contact electrodes 410 to 430 may be respectively in
the contact areas CA1 to CA3. For example, the first contact
electrode 410 may be in the first contact area CAl, the
second contact electrode 420 may be in the second contact
area CA2, and the third contact electrode 430 may be in the
third contact area CA3.

The first contact electrode 410 may be connected to the
first electrode 310, and may overlap the first electrode 310
of the first subpixel P1 in the first contact area CAl.
Although the drawings illustrate a horizontal width of the
first contact electrode 410 as being greater than a horizontal
width of the first electrode 310, embodiments are not limited
thereto. For example, the horizontal width of the first contact
electrode 410 may be equal to or less than the horizontal
width of the first electrode 310.

The second contact electrode 420 may be connected to the
first electrode 320, and may overlap the first electrode 320
of the second subpixel P2 in the second contact area CA2.
Although the drawings illustrate a horizontal width of the
second contact electrode 420 as being greater than a hori-
zontal width of the first electrode 320, embodiments are not
limited thereto. For example, the horizontal width of the
second contact electrode 420 may be equal to or less than the
horizontal width of the first electrode 320.

The third contact electrode 430 may be connected to the
first electrode 330, and may overlap the first electrode 330
of the third subpixel P3 in the third contact area CA3.
Although the drawings illustrate a horizontal width of the
third contact electrode 430 as being greater than a horizontal
width of the first electrode 330, embodiments are not limited
thereto. For example, the horizontal width of the third
contact electrode 430 may be equal to or less than the
horizontal width of the first electrode 330.

Hereinafter, various embodiments of the present disclo-
sure will be described in detail with reference to a cross-
sectional structure view.
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FIGS. 2A to 2C are cross-sectional views of an electrolu-
minescent display apparatus according to an embodiment of
the present disclosure.

FIG. 2A corresponds to a cross-sectional view taken along
line A-B of FIG. 1. As shown in FIG. 2A, the electrolumi-
nescent display apparatus according to an embodiment of
the present disclosure may include a substrate 100, a circuit
device layer 200, a plurality of first electrodes 310 to 330, a
plurality of contact electrodes 410 to 430, a plurality of
insulation layers 510 to 530, a bank 600, a light-emitting
layer 700, a second electrode 800, an encapsulation layer
850, and a color filter layer 900.

The substrate 100 may include glass or plastic, but is not
limited thereto. For example, the substrate 100 may include
a semiconductor material, such as a silicon wafer. The
substrate 100 may include a transparent material or an
opaque material. A first subpixel P1, a second subpixel P2,
and a third subpixel P3 may be in the substrate 100. The first
subpixel P1 may emit red light, the second subpixel P2 may
emit green light, and the third subpixel P3 may emit blue
light. However, embodiments of the present disclosure are
not limited thereto. For example, an arrangement order of
the subpixels P1 to P3 may be variously modified.

The electroluminescent display apparatus according to an
embodiment of the present disclosure may be implemented
as a top-emission type in which light may be emitted toward
an upper portion. Accordingly, a material of the substrate
100 may use an opaque material, as well as a transparent
material.

The circuit device layer 200 may be on the substrate 100.
A circuit device, including various signal lines, a thin-film
transistor (TFT), a capacitor, and the like, may be in the
circuit device layer 200 in each of the subpixels P1 to P3.
The signal lines may include a gate line, a data line, a power
line, and a reference line. The TFT may include a switching
TFT, a driving TFT 250, and a sensing TFT.

The switching TFT may be turned on according to a gate
signal supplied through the gate line, and may transfer a data
voltage, supplied through the data line, to the driving TFT.
The driving TFT 250 may be turned on with the data voltage
supplied through the switching TFT, and may generate a data
current from power supplied through the power line to
supply the data current to the first electrodes 310 to 330.

The sensing TFT may sense a threshold voltage deviation
of the driving TFT, which may cause degradation in image
quality, and may supply a current of the driving TFT to the
reference line in response to a sensing control signal sup-
plied through the gate line or a separate sensing line. The
capacitor may hold the data voltage supplied to the driving
TFT 250 during one frame, and may be connected to a gate
terminal and a source terminal of the driving TFT 250.

A plurality of first contact holes CH11, CH21, and CH31
may be in the circuit device layer 200 in each of the
subpixels P1 to P3. Thus, the source terminal or a drain
terminal of the driving TFT 250 may be exposed through the
first contact holes CH11, CH21, and CH31.

The first electrodes 310 to 330 and the contact electrodes
(for example, first to third contact electrodes) 410 to 430
may be patterned on the circuit device layer 200 in the
respective subpixels P1 to P3. One first electrode 310 and
first contact electrode 410 may be in the first subpixel P1.
One other first electrode 320 and second contact electrode
420 may be in the second subpixel P2. One other first
electrode 330 and third contact electrode 430 may be in the
third subpixel P3.

The first electrodes 310 to 330 may be connected (e.g.,
electrically connected) to the driving TFT 250 in the circuit
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device layer 200. For example, the first electrodes 310 to 330
may be connected to the source terminal or the drain
terminal of the driving TFT 250.

The first electrode 310 in the first subpixel P1 may include
a first lower electrode 311 and a first upper electrode 312.
The first lower electrode 311 and the first upper electrode
312 may extend from the first emission area EA1 to the first
contact area CAl.

The first lower electrode 311 may be connected to the
driving TFT 250 through a first contact hole CH11 of the
circuit device layer 200 in the first subpixel P1 area.
Depending on the case, the first lower electrode 311 may be
connected to the driving TFT 250 through a conductive
material filled into the first contact hole CH11, and this may
be similarly applied to any of the following embodiments.

The first upper electrode 312 may be connected to a first
upper contact electrode 412 configuring the first contact
electrode 410 through a fourth contact hole CH14 of a third
insulation layer 530 in the first subpixel P1 area.

The first contact electrode 410 in the first subpixel P1 may
include a first lower contact electrode 411 and a first upper
contact electrode 412. The first lower contact electrode 411
may be connected to the first lower electrode 311 through a
second contact hole CH12 of the first insulation layer 510 in
the first subpixel P1 area, and the first upper contact elec-
trode 412 may be connected to the first lower contact
electrode 411 through a third contact hole CH13 of the
second insulation layer 520 in the first subpixel P1 area.

In the first subpixel P1, the first lower electrode 311 may
be directly connected to the driving TFT 250 in the circuit
device layer 200, and the first upper electrode 312 may be
connected to the first lower electrode 311 through the first
lower contact electrode 411 and the first upper contact
electrode 412. Therefore, the first to third insulation layers
510 to 530 may be between the first lower electrode 311 and
the first upper electrode 312 in the first emission area EA1
of the first subpixel P1.

The first electrode 320 in the second subpixel P2 may
include a second lower electrode 321 and a second upper
electrode 322. The second lower electrode 321 and the
second upper electrode 322 may extend from the second
emission area EA2 to the second contact area CA2.

The second lower electrode 321 may be connected to the
second lower contact electrode 421, configuring the second
contact electrode 420, through a second contact hole CH22
of the first insulation layer 510 in the second subpixel P2
area. The second upper electrode 322 may be connected to
the second upper contact electrode 422, configuring the
second contact electrode 420, through a fourth contact hole
CH24 of the third insulation layer 530 in the second subpixel
P2 area.

The second contact electrode 420 in the second subpixel
P2 may include a second lower contact electrode 421 and a
second upper contact electrode 422. The second lower
contact electrode 421 may be connected to the driving TFT
250 through a first contact hole CH21 of the circuit device
layer 200 in the second subpixel P2 area, and the second
upper contact electrode 422 may be connected to the second
lower electrode 321 through a third contact hole CH23 of the
second insulation layer 520 in the second subpixel P2 area.
Depending on the case, the second lower contact electrode
421 may be connected to the driving TFT 250 through a
conductive material filled into the first contact hole CH21,
and this may be similarly applied to any of the following
embodiments.

In the second subpixel P2, the second lower electrode 321
may be directly connected to the driving TFT 250 in the
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circuit device layer 200 through the second lower contact
electrode 421, and the second upper electrode 322 may be
connected to the second lower electrode 321 through the
second upper contact electrode 422. Therefore, the second
and third insulation layers 520 and 530 may be between the
second lower electrode 321 and the second upper electrode
322 in the second emission area EA2 of the second subpixel
P2.

The first electrode 330 in the third subpixel P3 may
include a third lower electrode 331 and a third upper
electrode 332. The third lower electrode 331 and the third
upper electrode 332 may extend from the third emission area
EA3 to the third contact area CA3.

The third lower electrode 331 may be connected to the
third upper contact electrode 432 configuring the third
contact electrode 430 through a third contact hole CH33 of
the second insulation layer 520 in the third subpixel P3 area.
The third upper electrode 332 may be connected to the third
lower electrode 331 through a fourth contact hole CH34 of
the third insulation layer 530 in the third subpixel P3 area.

The third contact electrode 430 in the third subpixel P3
may include a third lower contact electrode 431 and a third
upper contact electrode 432. The third lower contact elec-
trode 431 may be connected to the driving TFT 250 through
a first contact hole CH31 of the circuit device layer 200 in
the third subpixel P3 area, and the third upper contact
electrode 432 may be connected to the third lower contact
electrode 431 through a second contact hole CH32 of the
first insulation layer 510 in the third subpixel P3 area.

In the third subpixel P3, the third lower electrode 331 may
be connected to the driving TFT 250 in the circuit device
layer 200 through the third lower contact electrode 431 and
the third upper contact electrode 432, and the third upper
electrode 332 may be directly connected to the second lower
electrode 321. Therefore, the third insulation layer 530 may
be between the second lower electrode 321 and the second
upper electrode 322 in the third emission arca EA3 of the
third subpixel P3. Depending on the case, the third lower
contact electrode 431 may be connected to the driving TFT
250 through a conductive material filled into the first contact
hole CH31, and this may be similarly applied to all of the
following embodiments.

As described above, according to an embodiment of the
present disclosure, a distance between the first lower elec-
trode 311 and the first upper electrode 312 in the first
subpixel P1, a distance between the second lower electrode
321 and the second upper electrode 322 in the second
subpixel P2, and a distance between the third lower elec-
trode 331 and the third upper electrode 332 in the third
subpixel P3 may be differently set. Thus, a micro-cavity
characteristic may be obtained. This will be described below
in detail.

The first insulation layer 510 may be on the circuit device
layer 200. For example, the first insulation layer 510 may be
under the first lower contact electrode 411, the second lower
electrode 321, and the third upper contact electrode 432. The
second contact holes CH12, CH22, and CH32 may be in the
first insulation layer 510 in the respective subpixels P1 to P3.
The first insulation layer 510 may be provided all over the
plurality of subpixels P1 to P3 area, except on the second
contact holes CH12, CH22, and CH32. Thus, the first
insulation layer 510 in the first subpixel P1, the second
insulation layer 510 in the second subpixel P2, and the first
insulation layer 510 in the third subpixel P3 may be con-
nected to one another.

The second insulation layer 520 may be on the first
insulation layer 510. For example, the second insulation
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layer 520 may be under the first upper contact electrode 412,
the second upper electrode 422, and the third lower electrode
331. The third contact holes CH13, CH23, and CH33 may be
in the second insulation layer 520 in the respective subpixels
P1 to P3. The second insulation layer 520 may be provided
all over the plurality of subpixels P1 to P3 area, except for
the third contact holes CH13, CH23, and CH33. Thus, the
second insulation layer 520 in the first subpixel P1, the
second insulation layer 520 in the second subpixel P2, and
the second insulation layer 520 in the third subpixel P3 may
be connected to one another.

The third insulation layer 530 may be on the second
insulation layer 520. For example, the third insulation layer
530 may be under the first upper electrode 312, the second
upper electrode 322, and the third upper electrode 332. The
fourth contact holes CH14, CH24, and CH34 may be in the
third insulation layer 530 in the respective subpixels P1 to
P3.

The third insulation layer 530 may be provided all over
the plurality of subpixels P1 to P3 area, except for the fourth
contact holes CH14, CH24, and CH34. Thus, the third
insulation layer 530 in the first subpixel P1, the third
insulation layer 530 in the second subpixel P2, and the third
insulation layer 530 in the third subpixel P3 may be con-
nected to one another.

The electroluminescent display apparatus according to an
embodiment of the present disclosure may be implemented
as the top-emission type. Thus, the first electrodes 310 to
330 may reflect light, emitted from the light-emitting layer
700, to an upper portion. For example, each of the first to
third lower electrodes 311, 321, and 331, respectively dis-
posed under the first electrodes 310 to 330 having a two-
layer structure, may be a reflective electrode; and each of the
first to third upper electrodes 312, 322, and 332, respectively
disposed on the first electrodes 310 to 330, may be a
transparent electrode or a semitransparent electrode. For
example, the first to third upper electrodes 312, 322, and 332
may function as respective anodes of the first to third
subpixels P1 to P3.

Herein, a reflective electrode may be an electrode that
reflects incident light, a transparent electrode may be an
electrode that transmits incident light, and a semitransparent
electrode may be an electrode that transmits a portion of
light and reflects the other light. The reflective electrode, the
semitransparent electrode, and the transparent electrode may
be sequentially good in transparency; and the transparent
electrode, the semitransparent electrode, and the reflective
electrode may be sequentially good in reflectivity.

For example, the second lower contact electrode 421 of
the second subpixel P2 and the third lower contact electrode
431 of the third subpixel P3, each disposed on the same layer
as the first lower electrode 311 of the first subpixel P1, may
include the same material as that of the first lower electrode
311 and patterned through the same process. The third lower
contact electrode 411 of the first subpixel P1 and the third
upper contact electrode 432 of the third subpixel P3, each
disposed on the same layer as the second lower electrode
321 of the second subpixel P2, may include the same
material as that of the second lower electrode 321, and may
be patterned through the same process.

The first upper contact electrode 412 of the first subpixel
P1 and the second upper contact electrode 422 of the second
subpixel P2, each disposed on the same layer as the third
lower electrode 331 of the third subpixel P3, may include the
same material as that of the third lower electrode 331, and
may be patterned through the same process. The first upper
electrode 312 of the first subpixel P1, the second upper
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electrode 322 of the second subpixel P2, and the third upper
electrode 332 of the third subpixel P3, each disposed on the
same layer, may include the same material, and may be
patterned through the same process.

When each of the first to third lower electrodes 311, 321,
and 331 is a reflective electrode, and each of the first to third
upper electrodes 312, 322, and 332 is a transparent elec-
trode, a portion of the light emitted from the light-emitting
layer 700 may be reflected by the first to third lower
electrodes 311, 321, and 331, may pass through the first to
third upper electrodes 312, 322, and 332, and may be
discharged in an upward direction.

When each of the first to third lower electrodes 311, 321,
and 331 is a reflective electrode, and each of the first to third
upper electrodes 312, 322, and 332 is a semitransparent
electrode, a portion of the light emitted from the light-
emitting layer 700 may be reflected by the first to third lower
electrodes 311, 321, and 331, and may be discharged in an
upward direction; and the other portion of the light emitted
from the light-emitting layer 700 may pass through the first
to third upper electrodes 312, 322, and 332, may travel in a
downward direction, and may be reflected by the first to
third lower electrodes 311, 321, and 331. As such, a portion
of light reflected by each of the first to third lower electrodes
311, 321, and 331 may pass through the first to third upper
electrodes 312, 322, and 332, and may be discharged in the
upward direction; and the other portion of the light reflected
by each of the first to third lower electrodes 311, 321, and
331 may be reflected by the first to third upper electrodes
312, 322, and 332, may travel in the downward direction,
and may be re-reflected by the first to third lower electrodes
311, 321, and 331. Such a reflection process may be
repeated. As described above, reflection and re-reflection of
light may be repeated between the first to third lower
electrodes 311, 321, and 331 and the first to third upper
electrodes 312, 322, and 332. Thus, light may be amplified,
thereby enhancing light efficiency.

For example, when each of distances between the first to
third lower electrodes 311, 321, and 331 and the first to third
upper electrodes 312, 322, and 332 is an integer multiple of
a half wavelength (\/2) of light discharged from each of the
subpixels P1 to P3, constructive inference may occur. Thus,
light may be further amplified. When the above-described
reflection and re-reflection process may be repeated, a
degree to which light may be amplified may continuously
increase. Thus, an external extraction efficiency of light may
be enhanced. Such a characteristic may be referred to as a
“micro-cavity” characteristic.

Therefore, according to an embodiment of the present
disclosure, using the first contact electrode 410, the second
contact electrode 420, and the third contact electrode 430, a
first distance between the first lower electrode 311 and the
first upper electrode 312 in the first subpixel P1, a second
distance between the second lower electrode 321 and the
second upper electrode 322 in the second subpixel P2, and
a third distance between the third lower electrode 331 and
the third upper electrode 332 in the third subpixel P3 may be
differently se. Thus, a micro-cavity characteristic may be
obtained in each of the subpixels P1 to P3.

For example, the first distance may be longest in the first
subpixel P1, which may discharge red light of a long
wavelength range, and the third distance may be shorter in
the third subpixel P3, which may discharge blue light of a
short wavelength range. However, embodiments of the pres-
ent disclosure are not limited thereto.

Moreover, according to an embodiment of the present
disclosure, distances between the first to third upper elec-
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trodes 312, 322, and 332 and the second electrode 800 may
be the same in the respective subpixels P1 to P3, and the first
to third upper electrodes 312, 322, and 332 may be provided
at the same height on the third insulation layer 530. There-
fore, a lower surface of the light-emitting layer 700 on the
first to third upper electrodes 312, 322, and 332 may have a
wholly uniform height. Thus, a profile of the light-emitting
layer 700 may be improved more than in a case in which the
first to third upper electrodes 312, 322, and 332 are provided
at different heights. Hereinafter, in various embodiments, the
distances between the first to third upper electrodes 312,
322, and 332 and the second electrode 800 may be the same
in the respective subpixels P1 to P3, and the first to third
upper electrodes 312, 322, and 332 may be provided at the
same height on the third insulation layer 530. However,
embodiments of the present disclosure are not limited
thereto.

The bank 600 may cover ends of the first to third upper
electrodes 312, 322, and 332 of the first electrodes 310 to
330 on the third insulation layer 530. Thus, a current may
concentrate on the ends of the first to third upper electrodes
312, 322, and 332, thereby solving a problem in which
emission efficiency may be reduced.

The bank 600 may be in a matrix structure in a boundary
between the plurality of subpixels P1 to P3, and may define
the emission areas EA1 to EA3 in the respective subpixels
P1 to P3. For example, exposed regions, which may be
exposed without the bank 600 being provided therein, of the
first to third upper electrodes 312, 322, and 332 may be the
emission areas EA1 to EA3 in the respective subpixels P1 to
P3.

For example, the bank 600 may overlap the contact areas
CA1 to CA3 in which the contact electrodes 410 to 430 may
be respectively provided. Thus, the contact areas CAl to
CA3, which may be stepped, may not overlap the emission
areas EA1 to EA3. The bank 600 may include an inorganic
insulation layer having a relatively thin thickness, or may
include an organic insulation layer having a relatively thick
thickness.

The light-emitting layer 700 may be on the first to third
upper electrodes 312, 322, and 332 of'the first electrodes 310
to 330. The light-emitting layer 700 may be on the bank 600.
For example, the light-emitting layer 700 may be in the
subpixels P1 to P3 and in a boundary region between the
subpixels P1 to P3.

The light-emitting layer 700 may emit white (W) light.
For example, the light-emitting layer 700 may include a
plurality of stacks that may emit light of different colors. For
example, the light-emitting layer 700 may include a first
stack for emitting blue light, a second stack for emitting
yellowish-green light, and a charge generating layer (CGL)
between the first stack and the second stack. As another
example, the light-emitting layer 700 may include a first
stack for emitting blue light, a second stack for emitting
green light, a third stack for emitting red light, a first charge
generating layer between the first stack and the second stack,
and a second charge generating layer between the second
stack and the third stack. Each of the stacks may include a
hole transporting layer, an organic light-emitting layer, and
an electron transporting layer, which may be sequentially
stacked. A configuration of the light-emitting layer 700 may
be changed to various configurations as understood by those
skilled in the art.

The second electrode 800 may be on the light-emitting
layer 700. The second electrode 800 may function as a
cathode of the electroluminescent display apparatus. The
second electrode 800, similarly to the light-emitting layer
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700, may be in the subpixels P1 to P2 and the boundary
region between the subpixels P1 to P3. For example, the
second electrode 800 may be on the bank 600. When the
electroluminescent display apparatus according to an
embodiment of the present disclosure is implemented as the
top-emission type, the second electrode 800 may include a
transparent conductive material for transmitting light, emit-
ted from the light-emitting layer 700, to an upper portion.

The second electrode 800 may include a semitransparent
electrode. Thus, a micro-cavity effect may be obtained in
each of the subpixels P1 to P3. When the second electrode
800 includes the semitransparent electrode, reflection and
re-reflection of light may be repeated between the second
electrode 800 and the first to third lower electrodes 311, 321,
and 331 of the first to third electrodes 310, 320, and 330.
Thus, the micro-cavity effect may be obtained. Also, reflec-
tion and re-reflection of light may be repeated between the
second electrode 800 and the first to third upper electrodes
312, 322, and 332 of the first to third electrodes 310, 320,
and 330. Thus, the micro-cavity effect may be obtained.

The encapsulation layer 850 may be on the second
electrode 800 and may reduce or prevent external water
from penetrating into the light-emitting layer 700. The
encapsulation layer 850 may include an inorganic insulating
material, or may be formed in a structure in which an
inorganic insulating material and an organic insulating mate-
rial are alternately stacked, but is not limited thereto.

The color filter layer 900 may be on the encapsulation
layer 850. The color filter layer 900 may face the emission
areas EA1 to EA3 of the respective subpixels P1 to P3. The
color filter layer 900 may include a red color filter in the first
subpixel P1, a green color filter in the second subpixel P2,
and a blue color filter in the third subpixel P3, but is not
limited thereto. Although not shown, a black matrix may be
further provided in a boundary between adjacent color filters
of the color filter layer 900, and may reduce or prevent light
from being leaked to a region other than the emission areas
EA1 to EA3.

FIG. 2B is a cross-sectional view taken along line C-D of
FIG. 1. FIG. 2B is a cross-sectional view illustrating a
plurality of contact areas CA1 to CA3.

As seen in the example of FIG. 2B, a circuit device layer
200, including a driving TFT 250, may be on a substrate 100.
A plurality of first contact holes CH11, CH21, and CH31
may be in the circuit device layer 200 and in respective
subpixels P1 to P3. Thus, a source terminal or a drain
terminal of the driving TFT 250 may be exposed through the
first contact holes CH11, CH21, and CH31.

A first lower electrode 311 may be in a first subpixel P1
on the circuit device layer 200, a second lower contact
electrode 421 may be in a second subpixel P2 on the circuit
device layer 200, and a third lower contact electrode 431
may be in a third subpixel P3 on the circuit device layer 200.
The first lower electrode 311, the second lower contact
electrode 421, and the third lower contact electrode 431 may
be connected to the source terminal or the drain terminal of
the driving TFT 250 through the first contact holes CH11,
CH21, and CH31.

A first insulation layer 510 may be on the first lower
electrode 311, the second lower contact electrode 421, and
the third lower contact electrode 431. A plurality of second
contact holes CH12, CH22, and CH32 may be in the first
insulation layer 510. The first lower contact electrode 411
may be in the first subpixel P1 on the first insulation layer
510, the second lower electrode 321 may be in the second
subpixel P2 on the first insulation layer 510, and a third
upper contact electrode 432 may be in the third subpixel P3
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on the first insulation layer 510. The first lower contact
electrode 411 may be connected to the first lower electrode
311 through the second contact hole CH12, the second lower
electrode 321 may be connected to the second lower contact
electrode 421 through the second contact hole CH22, and the
third upper contact electrode 432 may be connected to the
third lower contact electrode 431 through the second contact
hole CH32.

A second insulation layer 520 may be on the first lower
contact electrode 411, the second lower electrode 321, and
the third upper contact electrode 432. A plurality of third
contact holes CH13, CH23, and CH33 may be in the second
insulation layer 520.

A first upper contact electrode 412 may be in the first
subpixel P1 on the second insulation layer 520, a second
upper contact electrode 422 may be in the second subpixel
P2 on the second insulation layer 520, and a third lower
electrode 331 may be in the third subpixel P3 on the second
insulation layer 520. The first upper contact electrode 412
may be connected to the first lower contact electrode 411
through the third contact hole CH13, the second upper
contact electrode 422 may be connected to the second lower
electrode 321 through the third contact hole CH23, and the
third lower electrode 331 may be connected to the third
upper contact electrode 432 through the third contact hole
CH33.

A third insulation layer 530 may be on the first upper
contact electrode 412, the second upper electrode 422, and
the third lower contact electrode 331. A plurality of fourth
contact holes CH14, CH24, and CH34 may be in the third
insulation layer 530.

A first upper electrode 312 may be in the first subpixel P1
on the third insulation layer 530, a second upper electrode
322 may be in the second subpixel P2 on the third insulation
layer 530, and a third upper electrode 332 may be in the third
subpixel P3 on the third insulation layer 530. The first upper
electrode 312 may be connected to the first upper contact
electrode 412 through the fourth contact hole CH14, the
second upper electrode 322 may be connected to the second
upper contact electrode 422 through the fourth contact hole
CH24, and the third upper electrode 332 may be connected
to the third lower electrode 331 through the fourth contact
hole CH34.

A bank 600 may be on each of the first upper electrode
312, the second upper electrode 322, and the third upper
electrode 332, and may cover both ends of each of the first
upper electrode 312, the second upper electrode 322, and the
third upper electrode 332. A light-emitting layer 700 may be
on the bank 600, a second electrode 800 may be on the
light-emitting layer 700, an encapsulation layer 850 may be
on the second electrode 800, and a color filter layer 900 may
be on the encapsulation layer 850.

FIG. 2C is a cross-sectional view taken along line E-F of
FIG. 1. FIG. 2C is a cross-sectional view illustrating a
plurality of emission areas EA1 to EA3.

As seen in the FIG. 2C example, a circuit device layer 200
may be on a substrate 100, and a first lower electrode 311
may be in a first subpixel P1 on the circuit device layer 200.
A first insulation layer 510 may be on the first lower
electrode 311, and a second lower electrode 321 may be in
a first subpixel P2 on the first insulation layer 510. A second
insulation layer 520 may be on the second lower electrode
321, and a third lower electrode 331 may be in a third
subpixel P3 on the second insulation layer 520. A third
insulation layer 530 may be on the third lower electrode 331,
a first upper electrode 312 may be in the first subpixel P1 on
the third insulation layer 530, a second upper electrode 322
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may be in the second subpixel P2 on the third insulation
layer 530, and a third upper electrode 332 may be in the third
subpixel P3 on the third insulation layer 530.

A bank 600 may be on each of the first upper electrode
312, the second upper electrode 322, and the third upper
electrode 332, and may cover both ends of each of the first
upper electrode 312, the second upper electrode 322, and the
third upper electrode 332. A light-emitting layer 700 may be
on the bank 600, a second electrode 800 may be on the
light-emitting layer 700, an encapsulation layer 850 may be
on the second electrode 800, and a color filter layer 900 may
be on the encapsulation layer 850.

FIG. 3A is a plan view of an electroluminescent display
apparatus according to an embodiment of the present dis-
closure.

The example of FIG. 3A differs from the above-described
electroluminescent display apparatus of the FIG. 1 example
in that a trench T is further provided in a boundary between
a plurality of subpixels P1 to P3. Therefore, like reference
numerals refer to like elements, and only different elements
will be described below.

As shown in FIG. 3A, a trench T may be in a boundary
region between a plurality of subpixels P1 to P3. According
to an embodiment of the present disclosure, when the trench
T is provided, a long current path may be formed between
the subpixels P1 to P3 adjacent to one another. Thus, a
leakage current occurring between the subpixels P1 to P3
adjacent to one another may be reduced. This will be
described in more detail with reference to a cross-sectional
structure.

FIG. 3B is a cross-sectional view taken along line A-B of
FIG. 3A. FIG. 3C is a cross-sectional view taken along line
C-D of FIG. 3A. FIG. 3D is a cross-sectional view taken
along line E-F of FIG. 3A.

The example of FIG. 3B differs from the example of FIG.
2A in that a trench T is further provided in a bank 600 and
a third insulation layer 530 thereunder. The example of FIG.
3C differs from the example of FIG. 2B in that a trench T is
further provided in a bank 600 and a third insulation layer
530 thereunder. The example of FIG. 3D differs from the
example of FIG. 2C in that a trench T is further provided in
a bank 600 and a third insulation layer 530 thereunder.
Therefore, like reference numerals refer to like elements,
and only different elements will be described below.

As shown in FIGS. 3B to 3D, a trench T may be in a bank
600 and in a third insulation layer 530 in a boundary region
between subpixels P1 to P3. As described above, according
to an embodiment of the present disclosure, when the trench
T is in the bank 600 and the third insulation layer 530, a
light-emitting layer 700 may be in the trench T. Therefore,
a long current path may be formed between the subpixels P1
to P3 adjacent to one another. Thus, a leakage current
occurring between the subpixels P1 to P3 adjacent to one
another may be reduced. For example, when an interval
between the subpixels P1 to P3 is densely set for imple-
menting a high resolution, there may be a possibility that,
when light is emitted from the light-emitting layer 700 in
one of the subpixels P1 to P3, an electric charge of the
light-emitting layer 700 of the one subpixel may move to the
light-emitting layer 700 of another subpixel adjacent thereto,
which may cause a leakage current.

Therefore, in an embodiment of the present disclosure,
when the trench T is in a boundary between the subpixels P1
to P3, and the light-emitting layer is in the trench T, a long
current path between adjacent subpixels may be formed.
Thus, a resistance may increase, thereby reducing the occur-
rence of a leakage current.
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The trench T may be only in the bank 600. Alternatively,
the trench T may extend to the bank 600 and the third
insulation layer 530. Furthermore, the trench T may extend
to an inner portion of a second insulation layer 520 there-
under, an inner portion of a first insulation layer 510
thereunder, or an inner portion of a circuit device layer 200
thereunder.

For example, with reference to the enlarged view of FIG.
3B, the light-emitting layer 700 may include a first stack 710
for emitting light of a first color, a second stack 730 for
emitting light of a second color, and a charge generating
layer 720 between the first stack 710 and the second stack
730. The first stack 710 may be on an inner surface of the
trench T, or may be on a lower surface of the trench T. For
example, a portion of the first stack 710 on the inner side
surface of the trench T may be noncontiguous with (e.g.,
disconnected from or not directly contacting) a portion of
the first stack 710 on the inner lower surface of the trench T.
Therefore, a portion of the first stack 710 on one side surface
(for example, a left surface) of an inner portion of the trench
T may be noncontiguous with (e.g., disconnected from) a
portion of the first stack 710 on the other side surface (for
example, a right surface) of the inner portion of the trench
T. Therefore, an electric charge may not move through the
first stack 710 and between the subpixels P1 to P3 disposed
adjacent to one another with the trench T therebetween. It
should be appreciated that the terms “left” and “right” are
used herein for convenience of explanation, and are inter-
changeable, as would be understood by one of ordinary skill
in the art.

The charge generating layer 720 may be on the first stack
710 in the inner surface of the trench T. For example, a
portion of the charge generating layer 720 on one side
surface (for example, the left surface) of the inner portion of
the trench T may be noncontiguous with (e.g., disconnected
from) a portion of the charge generating layer 720 on the
other side surface (for example, the right surface) of the
inner portion of the trench T. Therefore, an electric charge
may not move through the charge generating layer 720 and
between the subpixels P1 to P3 disposed adjacent to one
another with the trench T therebetween.

All portions of the second stack 720 may be contiguous
with (e.g., connected to or directly contacting) one another
between the subpixels P1 to P3, disposed adjacent to one
another with the trench T therebetween, on the charge
generating layer 720. Therefore, an electric charge may
move through the second stack 720 and between the sub-
pixels P1 to P3 disposed adjacent to one another with the
trench T therebetween. However, embodiments of the pres-
ent disclosure are not limited thereto. For example, by
appropriately selecting a shape of the trench T and a
deposition process performed on the light-emitting layer
700, portions of the second stack 720 may be noncontiguous
with (e.g., disconnected from) each other between the sub-
pixels P1 to P3 disposed adjacent to one another with the
trench T therebetween. For example, only a portion of a
lower portion of the second stack 730 adjacent to the charge
generating layer 720 may be noncontiguous with (e.g.,
disconnected from) the other portion between the subpixels
P1 to P3.

The charge generating layer 720 may have a conductivity
greater than that of each of the first stack 710 and the second
stack 730. For example, an N-type charge generating layer,
configuring the charge generating layer 720, may include a
metal material, and thus, may have a conductivity greater
than that of each of the first stack 710 and the second stack
730. Accordingly, movement of electric charges between the
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subpixels P1 to P3, disposed adjacent to one another, may be
performed through the charge generating layer 720, and the
amount of electric charges moving through the second stack
730 may be very small.

In an embodiment of the present disclosure, when the
light-emitting layer 700 is in the trench T, a portion of the
light-emitting layer 700 may be noncontiguous with (e.g.,
disconnected from) the other portion in the trench T. Thus,
the first stack 710 may be noncontiguous with (e.g., discon-
nected from) the charge generating layer 720, thereby reduc-
ing or preventing a leakage current from occurring between
the subpixels P1 to P3 adjacent to one another. A configu-
ration of the trench T illustrated in FIGS. 3A to 3D may be
applied to various embodiments described below.

FIG. 4 is a cross-sectional view of an electroluminescent
display apparatus according to an embodiment of the present
disclosure.

FIG. 4 is a cross-sectional view taken along line A-B of
FIG. 1. The electroluminescent display apparatus of the FIG.
4 example differs from the electroluminescent display appa-
ratus of the FIG. 2A example in that the third insulation layer
530 is not provided. Therefore, like reference numerals refer
to like elements, and only different elements will be
described below.

As shown in FIG. 4, according to an embodiment of the
present disclosure, a first upper electrode 312 of a first
electrode 310 may be provided directly on an upper surface
of a first upper contact electrode 412 of a first contact
electrode 410 in a first subpixel P1, without a separate
insulation layer. A second upper electrode 322 of a first
electrode 320 may be provided directly on an upper surface
of'a second upper contact electrode 422 of a second contact
electrode 420 in a second subpixel P2, without a separate
insulation layer. A third upper electrode 332 of a first
electrode 330 may be provided directly on an upper surface
of a third lower electrode 331 of a first electrode 330 in a
third subpixel P3, without a separate insulation layer. There-
fore, a first insulation layer 510 and a second insulation layer
520 may be between the first lower electrode 311 and the
first upper electrode 312 in a first emission areca EA1 of the
first subpixel P1, the second insulation layer 520 may be
between the second lower electrode 321 and the second
upper electrode 322 in a second emission area EA2 of the
second subpixel P2, and a separate insulation layer may not
be between the third lower electrode 331 and the third upper
electrode 332 in a third emission area EA3 of the third
subpixel P3.

A distance between the first lower electrode 311 and the
first upper electrode 312 in the first emission area EA1 of the
first subpixel P1 in the example of FIG. 4 may be shorter
than a distance between the first lower electrode 311 and the
first upper electrode 312 in the first emission area EA1 of the
first subpixel P1 in a structure of FIG. 2A. Also, a distance
between the second lower electrode 321 and the second
upper electrode 322 in the second emission area EA2 of the
second subpixel P2 in the example of FIG. 4 may be shorter
than a distance between the second lower electrode 321 and
the second upper electrode 322 in the second emission area
EA2 of the second subpixel P2 in the structure of FIG. 2A.
Also, a distance between the third lower electrode 331 and
the third upper electrode 332 in the third emission area EA3
of the third subpixel P3 in the example of FIG. 4 may be
shorter than a distance between the third lower electrode 331
and the third upper electrode 332 in the third emission area
EA3 of the third subpixel P3 in the structure of FIG. 2A.

As described above, to obtain the micro-cavity effect in
each of the subpixels P1 to P3, each respective distance

30

40

45

18

between the first to third lower electrodes 311, 321, and 331
and the first to third upper electrodes 312, 322, and 332 may
be an integer multiple of a half wavelength (A/2) of light
discharged from each of the subpixels P1 to P3. Therefore,
to realize an integer multiple of a half wavelength (A/2) of
light, the respective distances between the first to third lower
electrodes 311, 321, and 331 and the first to third upper
electrodes 312, 322, and 332 may be variously modified
based on the above-described structure illustrated in the
examples of FIG. 2A or FIG. 4.

FIG. 5 is a cross-sectional view of an electroluminescent
display apparatus according to an embodiment of the present
disclosure.

FIG. 5 is a cross-sectional view taken along line A-B of
FIG. 1. In structures of first electrodes 310 to 330 and
contact electrodes 410 to 430, the electroluminescent dis-
play apparatus of the FIG. 5 example differs from the
electroluminescent display apparatus of the FIG. 2A
example. Therefore, elements differing from the elements
described above with reference to FIG. 2A will be described
below.

As shown in FIG. 5, the first electrodes 310 to 330 and the
contact electrodes 410 to 430 may be patterned in the
respective subpixels P1 to P3 on a circuit device layer 200.
The first electrode 310 in the first subpixel P1 may include
a first lower electrode 311 and a first upper electrode 312.
The first lower electrode 311 and the first upper electrode
312 may extend from a first emission area EA1 to a first
contact area CAl.

The first lower electrode 311 may be connected to a
driving TFT 250 through a first contact hole CH11 of the
circuit device layer 200 in the first subpixel P1 area. The first
upper electrode 312 may be connected to the first contact
electrode 410 through a third contact hole CH13 of a third
insulation layer 530 in the first subpixel P1 area.

The first contact electrode 410 in the first subpixel P1 may
include one contact layer. The first contact electrode 410
may be connected to the first lower electrode 311 through a
second contact hole CH12 provided in a first insulation layer
510 and a second insulation layer 520 each in the first
subpixel P1 area.

In the first subpixel P1, the first lower electrode 311 may
be directly connected to the driving TFT 250 in the circuit
device layer 200, and the first upper electrode 312 may be
connected to the first lower electrode 311 through the first
contact electrode 410. Therefore, the first to third insulation
layers 510 to 530 may be between the first lower electrode
311 and the first upper electrode 312 in the first emission
area EA1 of the first subpixel P1.

The first electrode 320 in the second subpixel P2 may
include a second lower electrode 321 and a second upper
electrode 322. The second lower electrode 321 may be in a
second emission area EA2, and may not extend to a second
contact area CA2, and the second upper electrode 322 may
extend from the second emission area EA2 to the second
contact area CA2.

The second lower electrode 321 may have an island
structure on the first insulation layer 510. For example, the
second lower electrode 321 may be noncontiguous with
(e.g., may not be connected to) the second contact electrode
420, the second upper electrode 322, and the driving TFT
250. The second upper electrode 322 contiguous with (e.g.,
may be connected to) a second upper contact electrode 422
configuring the second contact electrode 420 through a third
contact hole CH23 of the third insulation layer 530 in the
second subpixel P2 area.
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The second contact electrode 420 in the second subpixel
P2 may include a second lower contact electrode 421 and a
second upper contact electrode 422. The second lower
contact electrode 421 may be connected to the driving TFT
250 through a first contact hole CH21 of the circuit device
layer 200 in the second subpixel P2 area, and the second
upper contact electrode 422 may be connected to the second
lower electrode 321 through a second contact hole CH22 of
each of the first insulation layer 510 and the second insu-
lation layer 520 each in the second subpixel P2 area.

In the second subpixel P2, the second lower electrode 321
may have an island structure, and may not be directly
connected to another conductive material, and the second
upper electrode 322 may be connected to the driving TFT
250 through the second lower contact electrode 421 and the
second upper contact electrode 422. Therefore, the second
and third insulation layers 520 and 530 may be between the
second lower electrode 321 and the second upper electrode
322 in the second emission area EA2 of the second subpixel
P2.

The first electrode 330 in the third subpixel P3 may
include a third lower electrode 331 and a third upper
electrode 332. The third lower electrode 331 and the third
upper electrode 332 may extend from a third emission area
EA3 to a third contact area CA3.

The third lower electrode 331 may be connected to the
third contact electrode 430 through a second contact hole
CH32 of each of the first and second insulation layers 510
and 520 in the third subpixel P3 area. The third upper
electrode 332 may be connected to the third lower electrode
331 through a third contact hole CH33 of the third insulation
layer 530 in the third subpixel P3 area.

The third contact electrode 430 in the third subpixel P3
may include one contact layer. The third contact electrode
430 may be connected to the driving TFT 250 through a first
contact hole CH31 of the circuit device layer 200 in the third
subpixel P3 area.

In the third subpixel P3, the third lower electrode 331 may
be connected to the driving TFT 250 in the circuit device
layer 200 through the third contact electrode 430, and the
third upper electrode 332 may be directly connected to the
second lower electrode 321. Therefore, the third insulation
layer 530 may be between the third lower electrode 331 and
the third upper electrode 332 in the third emission area EA3
of the third subpixel P3.

The first insulation layer 510 may be between the circuit
device layer 200 and the second insulation layer 520. For
example, the first insulation layer 510 may be under the
second lower electrode 321. A plurality of second contact
holes CH12, CH22, and CH32 may be in the first insulation
layer 510 in the respective subpixels P1 to P3.

The second insulation layer 520 may be on the first
insulation layer 510. For example, the second insulation
layer 520 may be under the first contact electrode 410, the
second upper contact electrode 422, and the third lower
electrode 331. The plurality of second contact holes CH12,
CH22, and CH32 may be in the second insulation layer 520
in the respective subpixels P1 to P3.

The third insulation layer 530 may be on the second
insulation layer 520. For example, the third insulation layer
530 may be under the first upper electrode 312, the second
upper electrode 322, and the third upper electrode 332. A
plurality of third contact holes CH13, CH23, and CH33 may
be in the third insulation layer 530 in the respective sub-
pixels P1 to P3.

In the above-described structure of FIG. 2A, the separate
second contact holes CH12, CH22, and CH32 may be in the
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first insulation layer 510, and the separate second contact
holes CH13, CH23, and CH33 may be in the second
insulation layer 520. On the other hand, in the structure of
FIG. 5, the second contact holes CH12, CH22, and CH32
may rectilinearly and simultaneously pass through the first
and second insulation layers 510 and 520. Therefore, in the
structure of FIG. 5, the second lower electrode 321 of the
first electrode 320 may not overlap the second contact area
CA2 to form the second contact hole CH22, which may
rectilinearly and simultaneously pass through the first and
second insulation layers 510 and 520 in the second subpixel
P2. For example, the second lower electrode 321 of the first
electrode 320 may not overlap the second contact electrode
420 of the second contact area CA2 in the second subpixel
P2. Therefore, comparing with the example of FIG. 2A, the
example of FIG. 5 may decrease the number of processes of
forming contact holes.

FIG. 6 is a cross-sectional view of an electroluminescent
display apparatus according to an embodiment of the present
disclosure.

FIG. 6 is a cross-sectional view taken along line A-B of
FIG. 1. The electroluminescent display apparatus of the FIG.
6 example differs from the electroluminescent display appa-
ratus of the FIG. 5 example in that the third insulation layer
530 is not provided. Therefore, like reference numerals refer
to like elements, and only different elements will be
described below.

As shown in FIG. 6, according to an embodiment of the
present disclosure, a first upper electrode 312 of a first
electrode 310 may be provided directly on an upper surface
of a first contact electrode 410 in a first subpixel P1, without
a separate insulation layer; a second upper electrode 322 of
a first electrode 320 may be provided directly on an upper
surface of a second upper contact electrode 422 of a second
contact electrode 420 in a second subpixel P2, without a
separate insulation layer; and a third upper electrode 332 of
a first electrode 330 may be provided directly on an upper
surface of a third lower electrode 331 of a first electrode 330
in a third subpixel P3, without a separate insulation layer.

Therefore, a first insulation layer 510 and a second
insulation layer 520 may be between the first lower electrode
311 and the first upper electrode 312 in a first emission area
EA1 of the first subpixel P1, the second insulation layer 520
may be between the second lower electrode 321 and the
second upper electrode 322 in a second emission area EA2
of the second subpixel P2, and a separate insulation layer
may not be between the third lower electrode 331 and the
third upper electrode 332 in a third emission area EA3 ofthe
third subpixel P3.

A distance between the first lower electrode 311 and the
first upper electrode 312 in the first emission area EA1 of the
first subpixel P1 in the example of FIG. 6 may be shorter
than a distance between the first lower electrode 311 and the
first upper electrode 312 in the first emission area EA1 of the
first subpixel P1 in the example of FIG. 5. Also, a distance
between the second lower electrode 321 and the second
upper electrode 322 in the second emission area EA2 of the
second subpixel P2 in the example of FIG. 6 may be shorter
than a distance between the second lower electrode 321 and
the second upper electrode 322 in the second emission area
EA2 of the second subpixel P2 in the example of FIG. 5.
Also, a distance between the third lower electrode 331 and
the third upper electrode 332 in the third emission area EA3
of the third subpixel P3 in the example of FIG. 6 may be
shorter than a distance between the third lower electrode 331
and the third upper electrode 332 in the third emission area
EA3 of the third subpixel P3 in the example of FIG. 5.
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As described above, to obtain the micro-cavity effect in
each of the subpixels P1 to P3, each respective distance
between the first to third lower electrodes 311, 321, and 331
and the first to third upper electrodes 312, 322, and 332 may
be an integer multiple of a half wavelength (A/2) of light
discharged from each of the subpixels P1 to P3. Therefore,
to realize an integer multiple of a half wavelength (A/2) of
light, the respective distances between the first to third lower
electrodes 311, 321, and 331 and the first to third upper
electrodes 312, 322, and 332 may be variously modified
based on the above-described structure illustrated in the
examples of FIG. 5 or FIG. 6.

FIG. 7 is a cross-sectional view of an electroluminescent
display apparatus according to an embodiment of the present
disclosure.

FIG. 7 is a cross-sectional view taken along line A-B of
FIG. 1. The electroluminescent display apparatus of the FIG.
7 example differs from the electroluminescent display appa-
ratus of the FIG. 5 example in a configuration of a second
lower electrode 321 of a first electrode 310 in a second
subpixel P2. Therefore, like reference numerals refer to like
elements, and only different elements will be described
below.

In the above-described example of FIG. 5, the second
lower electrode 321 of the first electrode 320 in the second
subpixel P2 may have an island structure on the first
insulation layer 510. For example, the second lower elec-
trode 321 may not overlap the second contact area CA2, and
thus, may not be connected to the second contact electrode
420, the second upper electrode 322, and the driving TFT
250.

On the other hand, in the example of FIG. 7, a second
lower electrode 321 of a first electrode 320 in a second
subpixel P2 may overlap a second contact area CA2, and
thus, may be connected to a second contact electrode 420
(for example, a side surface of a second upper contact
electrode 422 of a second contact electrode 420). In FIG. 7,
a second contact hole CH22, which may simultaneously
pass through a first insulation layer 510 and a second
insulation layer 520, may be in a second subpixel P2.

Comparing with the example of FIG. 5, the example of
FIG. 7 may increase an area of the second lower electrode
321 of the first electrode 320 in the second subpixel P2,
thereby enhancing light efficiency. Although not shown, the
structure of the FIG. 7 example may be applied to the
above-described structure of the FIG. 6 example.

FIG. 8A is a plan view of an electroluminescent display
apparatus according to an embodiment of the present dis-
closure. FIG. 8B is a cross-sectional view taken along line
A-B of FIG. 8A. FIG. 8C is a cross-sectional view taken
along line C-D of FIG. 8A. FIG. 8D is a cross-sectional view
taken along line E-F of FIG. 8A.

The electroluminescent display apparatus of each of the
examples of FIGS. 8A to 8D respectively differs from the
electroluminescent display apparatus of each of the
examples of FIGS. 3A to 3D in that the third insulation layer
530 and the fourth contact holes CH14, CH24, and CH34 are
not provided.

With reference to FIG. 8B, according to an embodiment
of the present disclosure, a first upper electrode 312 of a first
electrode 310 may be provided directly on an upper surface
of a first upper contact electrode 412 of a first contact
electrode 410 in a first subpixel P1, without a separate
insulation layer; a second upper electrode 322 of a first
electrode 320 may be provided directly on an upper surface
of'a second upper contact electrode 422 of a second contact
electrode 420 in a second subpixel P2, without a separate
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insulation layer; and a third upper electrode 332 of a first
electrode 330 may be provided directly on an upper surface
of a third lower electrode 331 of a first electrode 330 in a
third subpixel P3 without a separate insulation layer. There-
fore, a first insulation layer 510 and a second insulation layer
520 may be between the first lower electrode 311 and the
first upper electrode 312 in a first emission areca EA1 of the
first subpixel P1, the second insulation layer 520 may be
between the second lower electrode 321 and the second
upper electrode 322 in a second emission area EA2 of the
second subpixel P2, and a separate insulation layer may not
be between the third lower electrode 331 and the third upper
electrode 332 in a third emission area EA3 of the third
subpixel P3.

FIGS. 9A to 9H are process cross-sectional views of an
electroluminescent display apparatus according to an
embodiment of the present disclosure.

FIGS. 9A to 9H correspond to a cross-sectional view
taken along line A-B of FIG. 8A. First, as seen in the FIG.
9A example, a circuit device layer 200, including a driving
TFT 250, may be provided on a substrate 100; a plurality of
first contact holes CH11, CH21, and CH31 may be provided
in the circuit device layer 200 in respective subpixels P1 to
P3; and a first lower electrode 311, a second lower contact
electrode 421, and a third lower contact electrode 431 may
be provided on the circuit device layer 200. The second
lower contact electrode 421 and the third lower contact
electrode 431 may be connected to a source terminal or a
drain terminal of the driving TFT 250 through the first
contact holes CH11, CH21, and CH31.

Subsequently, as seen in the example of FIG. 9B, a first
insulation layer 510 may be provided on the first lower
electrode 311, the second lower contact electrode 421, and
the third lower contact electrode 431; a plurality of second
contact holes CH12, CH22, and CH32 may be provided in
the first insulation layer 510, and a first lower contact
electrode 411, a second lower electrode 321; and a third
upper contact electrode 432 may be provided on the first
insulation layer 510. The first lower contact electrode 411
may be connected to the first lower electrode 311 through the
second contact hole CH12, the second lower electrode 321
may be connected to the second lower contact electrode 421
through the second contact hole CH22, and the third upper
contact electrode 432 may be connected to the third lower
contact electrode 431 through the second contact hole
CH32.

Subsequently, as seen in the example of FIG. 9C, a second
insulation layer 520 may be provided on the first lower
contact electrode 411, the second lower electrode 321, and
the third upper contact electrode 432; a plurality of third
contact holes CH13, CH23, and CH33 may be provided in
the second insulation layer 520, and a first upper contact
electrode 412, a second upper contact electrode 422; and a
third lower electrode 331 may be provided on the second
insulation layer 520. The first upper contact electrode 412
may be connected to the first lower contact electrode 411
through the third contact hole CH13, the second upper
contact electrode 422 may be connected to the second lower
electrode 321 through the third contact hole CH23, and the
third lower electrode 331 may be connected to the third
upper contact electrode 432 through the third contact hole
CH33.

Subsequently, as seen in the example of FIG. 9D, a first
upper eclectrode 312 may be provided on the first upper
contact electrode 412; a second upper electrode 322 may be
provided on the second upper contact electrode 422; and a
third upper electrode 332 may be provided on the third upper
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electrode 332. Subsequently, as seen in the example of FIG.
9E, a bank 600 may be provided on the first upper electrode
312, the second upper electrode 322, and the third upper
electrode 332. The bank 600 may cover both ends of each of
the first upper electrode 312, the second upper electrode 322,
and the third upper electrode 332.

Subsequently, as seen in the example of FIG. 9F, a trench
T may be provided in the bank 600 and the second insulation
layer 520 in a boundary region between the subpixels P1 to
P3. Alternatively, the trench T may be provided only in the
bank 600. Furthermore, the trench T may extend to the bank
600 and the third insulation layer 530, and moreover, may
extend to an inner portion of the second insulation layer 520
thereunder, an inner portion of the first insulation layer 510
thereunder, or an inner portion of the circuit device layer 200
thereunder.

Subsequently, as seen in the example of FIG. 9G, a
light-emitting layer 700 may be provided on the bank 600.
Subsequently, as seen in the example of FIG. 9H, a second
electrode 800 may be provided on the light-emitting layer
700, an encapsulation layer 850 may be provided on the
second electrode 800, and a color filter layer 900 may be
provided on the encapsulation layer 850.

FIG. 10 is a cross-sectional view showing a possibility
that emission efficiency is reduced in an electroluminescent
display apparatus according to an embodiment of the present
disclosure.

FIG. 10 shows an example in which a third upper elec-
trode 332 does not have the same pattern as that of a third
lower electrode 331, e.g., due to a process error, such as
mask misalignment in the above-described process of FIG.
9D. As such, the bank 600 does not cover one end of the
third upper electrode 332 in the above-described example
process of FIG. 9E.

As shown in FIG. 10, when the bank 600 does not cover
the one end of the third upper electrode 332, a region X in
which a light-emitting layer 700 directly contacts the third
lower electrode 331 may occur. For example, the light-
emitting layer 700 may contact the third lower electrode 331
without contacting the third upper electrode 332 in the
region X. However, in the other region, the light-emitting
layer 700 may contact the third upper electrode 332.

When a work function of the third lower electrode 331
differs from that of the third upper electrode 332, the
emission intensity of a portion of the light-emitting layer
700 contacting the third lower electrode 331 may differ from
that of a portion of the light-emitting layer 700 contacting
the third upper electrode 332. As such, uniform light emis-
sion may not be realized, and emission efficiency may be
reduced. For example, the third lower electrode 331 may be
a reflective electrode, and may include aluminum (Al) or
silver (Ag). For example, a work function of Al may be
about 4.28 eV and a work function of Ag may be about 4.26
eV. On the other hand, the third upper electrode 332 may be
a transparent electrode, and may include titanium nitride
(TiN) or indium tin oxide (ITO). For example, a work
function of TiN may be about 4.33 eV and a work function
of ITO may be about 4.89 eV.

Hereinafter, an -electroluminescent display apparatus
according to an embodiment of the present disclosure for
solving the above-described problem will be described in
detail.

FIGS. 11A to 11C are cross-sectional views of an elec-
troluminescent display apparatus according to an embodi-
ment of the present disclosure.

FIG. 11A is a cross-sectional view taken along line A-B
of FIG. 8A. FIG. 11B is a cross-sectional view taken along
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line C-D of FIG. 8A. FIG. 11C is a cross-sectional view
taken along line E-F of FIG. 8A. As shown in the examples
of FIGS. 11A to 11C, the electroluminescent display appa-
ratus according to an embodiment of the present disclosure
may include a substrate 100, a circuit device layer 200, a
plurality of first electrodes 310 to 330, a plurality of contact
electrodes 410 to 430, a plurality of insulation layers 510 to
530, a bank 600, a light-emitting layer 700, a second
electrode 800, an encapsulation layer 850, and a color filter
layer 900.

The substrate 100, the circuit device layer 200, the contact
electrodes 410 to 430, the insulation layers 510 to 530, the
bank 600, the light-emitting layer 700, the second electrode
800, the encapsulation layer 850, and the color filter layer
900 may be substantially similar to the elements described
above with reference to FIGS. 8B to 8D. Thus, their detailed
descriptions are not repeated. Hereinafter, only a configu-
ration of each of the first electrodes 310 to 330 will be
described.

The first electrode 310 in the first subpixel P1 may include
a first lower electrode 311 and a first upper electrode 312.
The first lower electrode 311 may be connected (e.g.,
electrically connected) to a driving TFT 250 through a first
contact hole CH11 of the circuit device layer 200 in a first
subpixel P1 area.

The first upper electrode 312 may be on an upper surface
of a first upper contact electrode 412 configuring the first
contact electrode 410 in the first subpixel P1 area, and may
be directly connected to the first upper contact electrode 412.
For example, the first upper electrode 312 may be formed in
a two-layer structure including a first lower layer 312a¢ and
a first upper layer 3125. The first lower layer 312a may have
the same pattern as that of the first upper contact electrode
412 in an upper surface of the first upper contact electrode
412. The first upper layer 3125 may have a pattern differing
from that of each of the first lower layer 3124, the first upper
contact electrode 412, and the first lower contact electrode
411 in an upper surface of the first lower layer 312a. For
example, the first upper layer 3125 may extend from a first
emission area EA1 to a first contact area CA1. Therefore, in
the first emission area EA1, only the first upper layer 3125
may be exposed and may contact the light-emitting layer
700. For example, the light-emitting layer 700 may contact
only the first upper layer 3126 having a particular work
function in the first emission area EA1. Thus, uniform light
emission may be realized. The first lower layer 312a and the
first upper layer 3126 may include materials having the same
work function. For example, the first lower layer 312a and
the first upper layer 3126 may include the same materials,
but are not limited thereto, and may include different mate-
rials having the same work function.

Therefore, each of the first lower electrode 311 and the
first upper electrode 312 may extend from the first emission
area EA1 to the first contact area CAl. For example, a
thickness of the first upper electrode 312 in the first emission
area EA1 may be less than that of the first upper electrode
312 in the first contact area CAl.

The first electrode 320 in the second subpixel P2 may
include a second lower electrode 321 and a second upper
electrode 322. The second lower electrode 321 may be
connected to a second lower contact electrode 421, config-
uring the second contact electrode 420, through a second
contact hole CH22 of the first insulation layer 510 in the
second subpixel P2 area.

The second upper electrode 322 may be on an upper
surface of a second upper contact electrode 422 configuring
the second contact electrode 420 in the second subpixel P2
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area, and may be directly connected to the second upper
contact electrode 422. For example, the second upper elec-
trode 322 may be formed in a two-layer structure including
a second lower layer 322a and a second upper layer 3225.
The second lower layer 322a may have the same pattern as
that of the second upper contact electrode 422 in an upper
surface of the second upper contact electrode 422. The
second upper layer 3226 may have a pattern differing from
that of each of the second lower layer 3224, the second upper
contact electrode 422, and the second lower contact elec-
trode 421 in an upper surface of the second lower layer 322a.
For example, the second upper layer 3225 may extend from
a second emission area EA2 to a second contact area CA2.
Therefore, in the second emission area EA2, only the second
upper layer 3226 may be exposed and may contact the
light-emitting layer 700. For example, the light-emitting
layer 700 may contact only the second upper layer 3225
having a particular work function in the second emission
area EA2. Thus, uniform light emission may be realized. The
second lower layer 322a and the second upper layer 3226
may include materials having the same work function. For
example, the second lower layer 322a and the second upper
layer 3225 may include the same materials, but are not
limited thereto, and may include different materials having
the same work function.

Therefore, each of the second lower electrode 321 and the
second upper electrode 322 may extend from the second
emission area EA2 to the second contact area CA2. For
example, a thickness of the second upper electrode 322 in
the second emission area EA2 may be less than that of the
second upper electrode 322 in the second contact area CA2.

The first electrode 330 in the third subpixel P3 may
include a third lower electrode 331 and a third upper
electrode 332. The third lower electrode 331 may be con-
nected to a third upper contact electrode 432, configuring the
third contact electrode 430, through a third contact hole
CH33 of'the second insulation layer 520 in the third subpixel
P3 area.

The third upper electrode 332 may be on an upper surface
of the third lower electrode 331, and may be directly
connected to the third lower electrode 331. For example, the
third upper electrode 332 may be formed in a two-layer
structure including a third lower layer 332a and a third upper
layer 332b. The third lower layer 332a may have the same
pattern as that of the third lower electrode 331 in an upper
surface of the third lower electrode 331, and may have a
pattern differing from that of each of the third upper contact
electrode 432 and the third lower contact electrode 431.
Therefore, the third lower electrode 331 and the third lower
layer 332a may extend from a third emission area EA3 to a
third contact area CA3. Also, the third upper layer 3326 may
have the same pattern as that of the third lower layer 332a
in an upper surface of the third lower layer 332a, and may
have a pattern differing from that of each of the third upper
contact electrode 432 and the third lower contact electrode
431. Therefore, the third upper layer 3325 may also extend
from the third emission area EA3 to the third contact area
CA3. Accordingly, in the third emission area EA3, only the
third upper layer 3325 may be exposed and may contact the
light-emitting layer 700. For example, the light-emitting
layer 700 may contact only the third upper layer 3326 having
a particular work function in the third emission area EA3.
Thus, uniform light emission may be realized.

For example, the first upper layer 31256 exposed at the first
emission area EA1 to contact the light-emitting layer 700,
the second upper layer 32256 exposed at the second emission
area EA2 to contact the light-emitting layer 700, and the
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third upper layer 3326 exposed at the third emission area
EA3 to contact the light-emitting layer 700 may include
materials having the same work function. For example,
uniform light emission may be realized in the first to third
emission areas EA1 to EA3.

However, the third upper layer 3326 may have a pattern
differing from that of the third lower layer 3324. The third
lower layer 332a and the third upper layer 3325 may include
materials having the same work function. For example, the
third lower layer 332a and the third upper layer 3326 may
include the same materials, but are not limited thereto, and
may include different materials having the same work func-
tion.

Therefore, each of the third lower electrode 331 and the
third upper electrode 332 may extend from the third emis-
sion area EA3 to the third contact area CA3. For example,
a thickness of the third upper electrode 322 in the third
emission area EA3 may be equal to that of the third upper
electrode 332 in the third contact area CA3.

FIGS. 12A to 12H are process cross-sectional views of an
electroluminescent display apparatus according to an
embodiment of the present disclosure.

The examples of FIGS. 12A to 12H correspond to a
cross-sectional view taken along line A-B of FIG. 8A. First,
as shown in FIG. 12A, a circuit device layer 200 including
a driving TFT 250 may be provided on a substrate 100; a
plurality of first contact holes CH11, CH21, and CH31 may
be provided in the circuit device layer 200 in respective
subpixels P1 to P3; and a first lower electrode 311, a second
lower contact electrode 421, and a third lower contact
electrode 431 may be provided on the circuit device layer
200. The second lower contact electrode 421 and the third
lower contact electrode 431 may be connected to a source
terminal or a drain terminal of the driving TFT 250 through
the first contact holes CH11, CH21, and CH31.

Subsequently, as shown in the example of FIG. 12B, a
first insulation layer 510 may be provided on the first lower
electrode 311, the second lower contact electrode 421, and
the third lower contact electrode 431; a plurality of second
contact holes CH12, CH22, and CH32 may be provided in
the first insulation layer 510; and a first lower contact
electrode 411, a second lower electrode 321, and a third
upper contact electrode 432 may be provided on the first
insulation layer 510. The first lower contact electrode 411
may be connected to the first lower electrode 311 through the
second contact hole CH12, the second lower electrode 321
may be connected to the second lower contact electrode 421
through the second contact hole CH22, and the third upper
contact electrode 432 may be connected to the third lower
contact electrode 431 through the second contact hole
CH32.

Subsequently, as shown in the example of FIG. 12C, a
second insulation layer 520 may be provided on the first
lower contact electrode 411, the second lower electrode 321,
and the third upper contact electrode 432; and a plurality of
third contact holes CH13, CH23, and CH33 may be pro-
vided in the second insulation layer 520. Subsequently, a
first upper contact electrode 412 and a first lower layer 312a
may be simultaneously provided on the second insulation
layer 520, and may have the same pattern; a second upper
contact electrode 422 and a second lower layer 322a may be
simultaneously provided, and may have the same pattern;
and a third lower electrode 331 and a third lower layer 3324
may be simultaneously provided, and may have the same
pattern. The first upper contact electrode 412 may be con-
nected to the first lower contact electrode 411 through the
third contact hole CH13, the second upper contact electrode
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422 may be connected to the second lower electrode 321
through the third contact hole CH23, and the third lower
electrode 331 may be connected to the third upper contact
electrode 432 through the third contact hole CH33.

Subsequently, as shown in the example of FIG. 12D, a
first upper electrode 312 may be finished by provided a first
upper layer 3125 on the first lower layer 312a, a second
upper electrode 322 may be finished by provided a second
upper layer 3225 on the second lower layer 3224, and a third
upper electrode 332 may be finished by provided a third
upper layer 332a on the third lower layer 332a. Subse-
quently, as shown in the example of FIG. 12E, a bank 600
may be provided on the first upper layer 3125, the second
upper layer 3225, and the third upper layer 3325. The bank
600 may cover both ends of each of the first upper electrode
312, the second upper electrode 322, and the third upper
electrode 332.

Subsequently, as shown in the example of FIG. 12F, a
trench T may be provided in the bank 600 and the second
insulation layer 520 in a boundary region between the
subpixels P1 to P3. The trench T may be provided only in the
bank 600. Alternatively, the trench T may extend to the bank
600 and the third insulation layer 530, and moreover, may
extend to an inner portion of the second insulation layer 520
thereunder, an inner portion of the first insulation layer 510
thereunder, or an inner portion of the circuit device layer 200
thereunder.

Subsequently, as shown in the example of FIG. 12G, a
light-emitting layer 700 may be provided on the bank 600.
Subsequently, as shown in the example of FIG. 12H, a
second electrode 800 may be provided on the light-emitting
layer 700, an encapsulation layer 850 may be provided on
the second electrode 800, and a color filter layer 900 may be
provided on the encapsulation layer 850.

In an electroluminescent display apparatus manufactured
through the processes of the examples of FIGS. 12A to 12H,
emission efficiency may be not reduced, even if a process
error, such as mask misalignment, occurs. This will be
described below with reference to the example of FIG. 13.

FIG. 13 is a cross-sectional view of an electroluminescent
display apparatus according to an embodiment of the present
disclosure.

FIG. 13 shows an example in which a third upper layer
3326 may be not formed to have the same pattern as that of
a third lower layer 3324, e.g., due to a process error, such as
mask misalignment, in the above-described process of the
example of FIG. 12D. As such, the bank 600 does not cover
one end of the third upper layer 3325 in the above-described
process of the example of FIG. 12E.

As illustrated in the example of FIG. 13, when the bank
600 does not cover the one end of the third upper layer 3325,
a region X in which a light-emitting layer 700 directly
contacts the third lower layer 3324 may occur. In an embodi-
ment of the present disclosure, a third upper electrode 332
may be configured by a combination of the third lower layer
332aq and the third upper layer 33254. Therefore, although the
bank 600 may not cover one end of the third upper layer
332b, the bank 600 may cover one end of the third lower
layer 332a. Thus, the light-emitting layer 700 may not
directly contact the third lower electrode 331.

Therefore, the light-emitting layer 700 may contact the
third upper electrode 332, functioning as an anode in the
region X, but may not contact the third lower electrode 331
thereunder. Thus, light may be emitted in the region X,
thereby solving a problem in which emission efficiency may
be reduced as in the above-described embodiment.
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FIG. 14 is a cross-sectional view of an electroluminescent
display apparatus according to an embodiment of the present
disclosure.

FIG. 14 is an example of a cross-sectional view taken
along line A-B of the example of FIG. 8A. The electrolu-
minescent display apparatus of the example of FIG. 14
differs from the electroluminescent display apparatus of the
example of FIG. 11A in a structure of each of first electrodes
310 to 330 and contact electrodes 410 to 430. Hereinafter,
elements differing from the elements described above with
reference to FIG. 11A will be described.

As shown in FIG. 14, the first electrodes 310 to 330 and
the contact electrodes 410 to 430 may be patterned in the
respective subpixels P1 to P3 on a circuit device layer 200.
The first electrode 310 in the first subpixel P1 may include
a first lower electrode 311 and a first upper electrode 312.
The first lower electrode 311 and the first upper electrode
312 may extend from a first emission area EA1 to a first
contact area CAl.

The first lower electrode 311 may be connected to a
driving TFT 250 through a first contact hole CH11 of the
circuit device layer 200 in the first subpixel P1 area. The first
upper electrode 312 may be connected to the first contact
electrode 410 in the first subpixel P1 area. The first contact
electrode 410 in the first subpixel P1 may include one single
contact layer. The first contact electrode 410 may be con-
nected to the first lower electrode 311 through a second
contact hole CH12 in a first insulation layer 510 and a third
contact hole CH3 in a second insulation layer 520 in the first
subpixel P1 area.

The first electrode 320 in the second subpixel P2 may
include a second lower electrode 321 and a second upper
electrode 322. The second lower electrode 321 may be in a
second emission area EA2, and may not extend to a second
contact area CA2. The second upper electrode 322 may
extend from the second emission area EA2 to the second
contact area CA2.

The second lower electrode 321 may have an island
structure on the first insulation layer 510. For example, the
second lower electrode 321 may not be connected to the
second contact electrode 420, the second upper electrode
322, and the driving TFT 250. The second upper electrode
322 may be connected to a second upper contact electrode
422, configuring the second contact electrode 420, in the
second subpixel P2 area.

The second contact electrode 420 in the second subpixel
P2 may include a second lower contact electrode 421 and a
second upper contact electrode 422. The second lower
contact electrode 421 may be connected to the driving TFT
250 through a first contact hole CH21 of the circuit device
layer 200 in the second subpixel P2 area. The second upper
contact electrode 422 may be connected to the second lower
electrode 321 through a second contact hole CH22 of the
first insulation layer 510 and a third contact hole CH23 of
the second insulation layer 520, each in the second subpixel
P2 area. In the second subpixel P2, the second lower
electrode 321 may have an island structure, and may not be
connected to another conductive material, and the second
upper electrode 322 may be connected to the driving TFT
250 through the second lower contact electrode 421 and the
second upper contact electrode 422.

The first electrode 330 in the third subpixel P3 may
include a third lower electrode 331 and a third upper
electrode 332. The third lower electrode 331 and the third
upper electrode 332 may extend from a third emission area
EA3 to a third contact area CA3.
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The third lower electrode 331 may be connected to the
third contact electrode 430 through a second contact hole
CH32 of the first insulation layer 510 and a third contact
hole CH33 of the second insulation layer 520, each in the
third subpixel P3 area. The third upper electrode 332 may be
connected to the third lower electrode 331 in the third
subpixel P3 area.

The third contact electrode 430 in the third subpixel P3
may include one single contact layer. The third contact
electrode 430 may be connected to the driving TFT 250
through a first contact hole CH31 of the circuit device layer
200 in the third subpixel P3 area.

In the above-described example of FIG. 11A, the second
contact holes CH12, CH22, and CH32 in the first insulation
layer 510 may not communicate or connect with the second
contact holes CH13, CH23, and CH33 in the second insu-
lation layer 520. On the other hand, in the structure of FIG.
14, the second contact holes CH12, CH22, and CH32 in the
first insulation layer 510 may communicate or connect with
the second contact holes CH13, CH23, and CH33 in the
second insulation layer 520.

Therefore, in the structure of FIG. 14, the second lower
electrode 321 of the first electrode 320 may not overlap the
second and third contact holes CH22 and CH23 of the
second contact area CA2 to form the second and third
contact holes CH22 and CH23, which may rectilinearly and
simultaneously pass through the first and second insulation
layers 510 and 520 in the second subpixel P2. Therefore, the
second lower electrode 321 of the first electrode 320 may not
overlap the second contact electrode 420 of the second
contact area CA2 in the second subpixel P2. Accordingly, as
compared to the example of FIG. 11A, the example of FIG.
14 may decrease the number of processes of forming contact
holes.

FIG. 15 is a cross-sectional view of an electroluminescent
display apparatus according to an embodiment of the present
disclosure.

FIG. 15 is an example of a cross-sectional view taken
along line A-B of the example of FIG. 8A. The electrolu-
minescent display apparatus of the example of FIG. 15
differs from the electroluminescent display apparatus of the
example of FIG. 14 in a configuration of a second lower
electrode 321 of a first electrode 310 in a second subpixel
P2.

In the above-described example of FIG. 14, the second
lower electrode 321 of the first electrode 320 in the second
subpixel P2 may have an island structure on the first
insulation layer 510. For example, the second lower elec-
trode 321 may not overlap the second contact area CA2, and
thus, may not be connected to the second contact electrode
420, the second upper electrode 322, and the driving TFT
250.

On the other hand, in the example of FIG. 15, a second
lower electrode 321 of a first electrode 320 provided in a
second subpixel P2 may overlap a second contact area CA2,
and thus, may be connected to a second contact electrode
420 (for example, a side surface of a second upper contact
electrode 422 of'a second contact electrode 420). In FIG. 15,
a second contact hole CH22, which may simultaneously
pass through a first insulation layer 510 and a second
insulation layer 520, may be in a second subpixel P2. As
compared to the example of FIG. 14, the example of FIG. 15
may increase an area of the second lower electrode 321 of
the first electrode 320 in the second subpixel P2, thereby
enhancing light efficiency.
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FIG. 16A is a plan view of an electroluminescent display
apparatus according to an embodiment of the present dis-
closure. FIG. 16B is a cross-sectional view taken along line
C-D of FIG. 16A.

The electroluminescent display apparatus of each of the
examples of FIGS. 16A and 16B differs from the electrolu-
minescent display apparatus of each of the examples of
FIGS. 8A to 8D in that a configuration of each of a plurality
of contact holes CH11 to CH13, CH21 to CH23, and CH31
to CH33 may be modified. With reference to the examples
of FIGS. 8A to 8D described above, the first contact hole
CH11, the second contact hole CH12, and the third contact
hole CH13 of the first subpixel P1 may overlap one another;
the first contact hole CH21, the second contact hole CH22,
and the third contact hole CH23 of the second subpixel P2
may overlap one another; and the first contact hole CH31,
the second contact hole CH32, and the third contact hole
CH33 of the third subpixel P3 may overlap one another. On
the other hand, with reference to the examples of FIGS. 16 A
and 16B, a first contact hole CH11 may overlap a second
contact hole CH12, but may not overlap a third contact hole
CH13 in a first subpixel P1; a first contact hole CH21 may
overlap a second contact hole CH22, but may not overlap a
third contact hole CH23 in a second subpixel P2; and a first
contact hole CH31 may overlap a second contact hole CH32,
but may not overlap a third contact hole CH33 in a third
subpixel P3.

Although not shown, the first contact hole CH11 may
overlap the third contact hole CH13, but may not overlap the
second contact hole CH12 in the first subpixel P1; the first
contact hole CH21 may overlap the third contact hole CH23,
but may not overlap the second contact hole CH22 in the
second subpixel P2; and the first contact hole CH31 may
overlap the third contact hole CH33, but may not overlap the
second contact hole CH32 in the third subpixel P3. None of
the first contact hole CH11, the second contact hole CH12,
and the third contact hole CH13 may overlap in the first
subpixel P1; none of the first contact hole CH21, the second
contact hole CH22, and the third contact hole CH23 may
overlap in the second subpixel P2; and none of the first
contact hole CH31, the second contact hole CH32, and the
third contact hole CH33 may overlap in the third subpixel
P3.

As compared to a case in which all of the first contact
holes CH11, CH21, and CH31, the second contact holes
CH12, CH22, and CH32, and the third contact holes CH13,
CH23, and CH33 overlap, when at least one contact hole
does not overlap the other contact holes, a process of
forming the contact holes CH11 to CH13, CH21 to CH23,
and CH31 to CH33 may be more easily performed, and a
size of each of the contact holes CH11 to CH13, CH21 to
CH23, and CH31 to CH33 may be reduced.

A structure of each of the contact holes CH11 to CH13,
CH21 to CH23, and CH31 to CH33 illustrated in the
example of FIG. 16 A may be applied to the structure of each
of the examples of FIGS. 1 and 4A described above. For
example, in FIGS. 1 and 4A, fourth contact holes CH14,
CH24, and CH34 may or may not overlap at least one of the
first contact holes CH11, CH21, and CH31, the second
contact holes CH12, CH22, and CH32, and the third contact
holes CH13, CH23, and CH33 in the same subpixels P1 to
P3.

FIG. 17 is a plan view of an electroluminescent display
apparatus according to an embodiment of the present dis-
closure.

The electroluminescent display apparatus of the FIG. 17
example differs from the electroluminescent display appa-
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ratus of the FIG. 8A example in that a structure of each of
a plurality of emission areas EA1 to EA3 and a plurality of
contact areas CA1 to CA3 may be modified.

With reference to FIG. 8A, only one side of the first
contact area CA1 may face the first emission area EA1, only
one side of the second contact area CA2 may face the second
emission area EA2, and only one side of the third contact
area CA3 may face the third emission area EA3. On the
other hand, with reference to FIG. 17, two sides (for
example, a lower side and a right side) of a first contact area
CA1l may face a first emission area EA1, two sides (for
example, a lower side and a right side) of a second contact
area CA2 may face a second emission area EA2, and two
sides (for example, a lower side and a right side) of a third
contact area CA3 may face a third emission area EA3.

Therefore, in FIG. 17, the first to third emission areas EA1
to EA3 may each include a first portion that may be under
the first to third contact areas CA1 to CA3, and may have a
first width W1 that may be relatively wide; and a second
portion that may be disposed to the right of the first to third
contact areas CA1 to CA3, and may have a second width W2
that may be relatively narrow.

In FIG. 8A, when the contact areas CAl to CA3 are
provided in a long structure in a widthwise direction at an
upper position of the emission areas EA1 to EA3, there may
be a limitation in reducing a widthwise-direction width of
each of the contact areas CA1 to CA3. Even if the width-
wise-direction width of each of the contact areas CA1l to
CA3 is less than a widthwise-direction width of each of the
emission areas EA1 to EA3, when an empty space next to
each of the contact areas CA1l to CA3 is small, it may be
difficult to form the emission areas EA1 to EA3 next to the
contact areas CA1 to CA3. As such, even is the widthwise-
direction width of each of the contact areas CAl to CA3 is
greatly or maximally reduced, it may be difficult to increase
a size of each of the emission areas EA1 to EA3.

On the other hand, in FIG. 17, when contact areas CA1 to
CA3 are provided in a long structure, emission areas EA1 to
EA3 may be formed to the right of the contact areas CA1 to
CA3. For example, when a lengthwise-direction width of
each of the contact areas CA1 to CA3 is reduced, a size of
each of the emission areas EA1 to EA3 may increase by a
small amount, and an aperture ratio may be enhanced.

In a first subpixel P1, an upper side and a left side of a first
contact electrode 410 may be mismatched or may match
with an upper side and a left side of a first electrode 310.
Similarly, in a second subpixel P2, an upper side and a left
side of a second contact electrode 420 may be mismatched
or may match with an upper side and a left side of a first
electrode 320. Also, in a third subpixel P3, an upper side and
a left side of a third contact electrode 430 may be mis-
matched or may match with an upper side and a left side of
a first electrode 330.

The contact areas (for example, first to third contact areas)
CA1 to CA3 may be respectively disposed in right upper
ends of the emission areas (for example, first to third
emission areas) EA1 to EA3. Thus, a lower side and a left
side of the first contact area CA1 may face the first emission
area EA1, a lower side and a left side of the second contact
area CA2 may face the second emission area EA2, and a
lower side and a left side of the third contact area CA3 may
face the third emission area EA3. A structure of each of the
contact areas CAl to CA3 and the emission areas EA1 to
EA3 illustrated in the example of FIG. 17 may be applied to
the structure of each of the examples of FIGS. 1 and 4A
described above.
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FIG. 18 is a cross-sectional view of an electroluminescent
display apparatus according to an embodiment of the present
disclosure.

The electroluminescent display apparatus of example of
FIG. 18 differs from the electroluminescent display appara-
tus of example of FIG. 17 in that a configuration of each of
a plurality of contact holes CH11 to CH13, CH21 to CH23,
and CH31 to CH33 may be modified.

With reference to example of FIG. 18, a first contact hole
CHI11 may overlap a second contact hole CH12, but may not
overlap a third contact hole CH13 in a first subpixel P1; a
first contact hole CH21 may overlap a second contact hole
CH22, but may not overlap a third contact hole CH23 in a
second subpixel P2; and a first contact hole CH31 may
overlap a second contact hole CH32 but may not overlap a
third contact hole CH33 in a third subpixel P3. Although not
shown, the first contact hole CH11 may overlap the third
contact hole CH13, but may not overlap the second contact
hole CH12 in the first subpixel P1; the first contact hole
CH21 may overlap the third contact hole CH23, but may not
overlap the second contact hole CH22 in the second subpixel
P2; and the first contact hole CH31 may overlap the third
contact hole CH33, but may not overlap the second contact
hole CH32 in the third subpixel P3.

Moreover, none of the first contact hole CH11, the second
contact hole CH12, and the third contact hole CH13 may
overlap in the first subpixel P1; none of the first contact hole
CH21, the second contact hole CH22, and the third contact
hole CH23 may overlap in the second subpixel P2; and none
of the first contact hole CH31, the second contact hole
CH32, and the third contact hole CH33 may overlap in the
third subpixel P3. As compared to a case in which all of the
first contact holes CH11, CH21, and CH31, the second
contact holes CH12, CH22, and CH32, and the third contact
holes CH13, CH23, and CH33 overlap, when at least one
contact hole does not overlap the other contact holes, a
process of forming the contact holes CH11 to CH13, CH21
to CH23, and CH31 to CH33 may be more easily performed,
and a size of each of the contact holes CH11 to CH13, CH21
to CH23, and CH31 to CH33 may be reduced.

FIGS. 19A to 19C illustrate a head-mounted display
(HMD) apparatus according to an embodiment of the pres-
ent disclosure.

FIG. 19A is a perspective view. FIG. 19B is a plan view
of a virtual reality (VR) structure. FIG. 19C is a cross-
sectional view of an augmented reality (AR) structure.

As shown in the example of FIG. 19A, the HMD appa-
ratus according to an embodiment of the present disclosure
may include an accommodating case 10 and a head-mounted
band 30. The accommodating case 10 may accommodate
elements, such as a display apparatus, a lens array, and an
eyepiece lens.

The head-mounted band 30 may be fixed to the accom-
modating case 10. The head-mounted band 30 is illustrated
as surrounding an upper surface of both side surfaces of a
user, but is not limited thereto. For example, the head-
mounted band 30 may fix the HMD apparatus to a head of
a user, and may be replaced by a glasses frame type structure
or a helmet type structure.

As shown in the example of FIG. 19B, an HMD apparatus
having the VR structure according to an embodiment of the
present disclosure may include a left-eye display apparatus
12, a right-eye display apparatus 11, a lens array 13, a
left-eye eyepiece lens 20q, and a right-eye eyepiece lens
205b. The left-eye display apparatus 12, the right-eye display
apparatus 11, the lens array 13, the left-eye eyepiece lens
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20a, and the right-eye eyepiece lens 205 may be accommo-
dated into the accommodating case 10.

The left-eye display apparatus 12 and the right-eye dis-
play apparatus 11 may display the same image, and for
example, a user may watch a two-dimensional (2D) image.
Alternatively, the left-eye display apparatus 12 may display
a left-eye image, and the right-eye display apparatus 11 may
display a right-eye image. Each of the left-eye display
apparatus 12 and the right-eye display apparatus 11 may be
configured as the electroluminescent display apparatus of
any of the examples of FIGS. 1 to 18. For example, in the
examples of FIGS. 1 to 18, an upper portion (for example,
a color filter layer 900) corresponding to a surface display-
ing an image may face the lens array 13.

The lens array 13 may be spaced apart from each of the
left-eye eyepiece lens 20a and the left-eye display apparatus
12, and may be between the left-eye eyepiece lens 20a and
the left-eye display apparatus 12. For example, the lens array
13 may be disposed in front of the left-eye eyepiece lens 20a
and behind the left-eye display apparatus 12. Also, the lens
array 13 may be spaced apart from each of the right-eye
eyepiece lens 205 and the right-eye display apparatus 11,
and may be between the right-eye eyepiece lens 205 and the
right-eye display apparatus 11. For example, the lens array
13 may be disposed in front of the right-eye eyepiece lens
205 and behind the right-eye display apparatus 11.

The lens array 13 may be a micro-lens array. The lens
array 13 may be replaced by a pin hole array. Using the lens
array 13, an image displayed by the left-eye display appa-
ratus 12 or the right-eye display apparatus 11 may be
zoomed in by a certain magnification. Thus, a zoomed-in
image may be seen by a user.

A left eye LE of a user may be located at the left-eye
eyepiece lens 20a. A right eye RE of the user may be located
at the right-eye eyepiece lens 205.

As shown in the example of FIG. 19C, an HMD apparatus
having the AR structure according to an embodiment of the
present disclosure may include a left-eye display apparatus
12, a lens array 13, a left-eye eyepiece lens 20a, a trans-
missive reflection part 14, and a transmissive window 15. In
FIG. 19C, for convenience, only left-eye elements are illus-
trated, and right-eye elements may be the same as the
left-eye elements.

The left-eye display apparatus 12, the lens array 13, the
left-eye eyepiece lens 20a, the transmissive reflection part
14, and the transmissive window 15 may be accommodated
into the accommodating case 10. The left-eye display appa-
ratus 12 may be disposed in one side (for example, an upper
side) of the transmissive reflection part 14, without covering
the transmissive window 15. Therefore, the left-eye display
apparatus 12 may provide an image to the transmissive
reflection part 14, without covering an external background
seen through the transmissive window 15.

The left-eye display apparatus 12 may be configured as
the electroluminescent display apparatus of any of the
examples of FIGS. 1 to 18. For example, in the examples of
FIGS. 1 to 18, an upper portion (for example, a color filter
layer 900) corresponding to a surface displaying an image
may face the transmissive reflection part 14.

The lens array 13 may be between the left-eye eyepiece
lens 20a and the transmissive reflection part 14. The left eye
of the user may be located at the left-eye eyepiece lens 20a.

The transmissive reflection part 14 may be between the
lens array 13 and the transmissive window 15. The trans-
missive reflection part 14 may include a reflection surface
14a, which may transmit a portion of light, and may reflect
the other portion of the light. The reflection surface 14a may
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be provided such that an image displayed by the left-eye
display apparatus 12 may travel to the lens array 13.
Accordingly, the user may see, through the transmissive
window 15, all of the external background and the image
displayed by the left-eye display apparatus 12. For example,
the user may see one image, which may include a real
background, and a virtual image. Thus, AR may be imple-
mented. The transmissive window 15 may be disposed in
front of the transmissive reflection part 14.

According to an embodiment of the present disclosure,
when a first distance between a first lower electrode and a
first upper electrode in a first subpixel, a second distance
between a second lower electrode and a second upper
electrode in a second subpixel, and a third distance between
a third lower electrode and a third upper electrode in a third
subpixel differ, a micro-cavity characteristic may be
obtained in each subpixel, thereby enhancing light effi-
ciency. For example, according to an embodiment of the
present disclosure, when a first contact electrode is in the
first subpixel, a second contact electrode is in the second
subpixel, and a third contact electrode is in the third sub-
pixel, the first to third distances may be easily set through the
first to third contact electrodes.

It will be apparent to those skilled in the art that various
modifications and variations may be made in the present
disclosure without departing from the technical idea or
scope of the disclosure. Thus, it may be intended that
embodiments of the present disclosure cover the modifica-
tions and variations of the disclosure provided they come
within the scope of the appended claims and their equiva-
lents.

What is claimed is:

1. An electroluminescent display apparatus, comprising:

a substrate comprising:

a first subpixel;
a second subpixel; and
a third subpixel;

a circuit device layer comprising a driving thin-film
transistor respectively in each of the first to third
subpixels on the substrate;

a first electrode respectively in each of the first to third
subpixels on the circuit device layer;

a bank covering an end of the first electrodes;

a light-emitting layer on the first electrodes; and

a second electrode on the light-emitting layer,

wherein the first electrode of the first subpixel comprises:
a first lower electrode, and
a first upper electrode,

wherein the first electrode of the second subpixel com-
prises:

a second lower electrode, and
a second upper electrode,

wherein a distance between the first lower electrode and
the first upper electrode differs from a distance between
the second lower electrode and the second upper elec-
trode,

wherein the first lower electrode and the first upper
electrode are electrically connected to each other
through a first contact electrode therebetween,

wherein the bank comprises a trench in a boundary region
between the first to third subpixels,

wherein the light-emitting layer overlaps the trench and a
portion of the light-emitting layer is noncontiguous in
the trench,

wherein the light-emitting layer comprises:

a first stack for emitting light of a first color,
a second stack for emitting light of a second color, and
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a charge generation layer between the first stack and the
second stack,
wherein the first stack and the charge generation layer of
the light-emitting layer are noncontiguous in the trench,
wherein the second stack is contiguous in the boundary
region between the first to third subpixels, and
wherein a portion of the first stack on an inner side surface
of'the trench is noncontiguous with a portion of the first
stack on an inner lower surface of the trench.
2. The electroluminescent display apparatus of claim 1,
wherein:
the first contact electrode comprises:
a first lower contact electrode; and
a first upper contact electrode;
the first lower contact electrode is between the first lower
electrode and the first upper contact electrode, the first
lower contact electrode electrically connecting the first
lower electrode to the first upper contact electrode;
the first upper contact electrode is between the first lower
contact electrode and the first upper electrode, the first
upper contact electrode electrically connecting the first
lower contact electrode to the first upper electrode; and
the first lower electrode is electrically connected to the
driving thin-film transistor of the first subpixel through
a contact hole in the circuit device layer.
3. The electroluminescent display apparatus of claim 1,
wherein:
the second lower electrode is electrically connected,
through a second contact electrode, to the second upper
electrode and the driving thin-film transistor of the
second subpixel;
the second contact electrode comprises:
a second lower contact electrode; and
a second upper contact electrode,
the second lower contact electrode is between the second
lower electrode and the driving thin-film transistor of
the second subpixel, the second lower contact electrode
electrically connecting the second lower electrode to
the driving thin-film transistor of the second subpixel,
and
the second upper contact electrode is between the second
lower electrode and the second upper electrode, the
second upper contact electrode electrically connecting
the second lower electrode to the second upper elec-
trode.
4. The electroluminescent display apparatus of claim 1,
wherein:
the first contact electrode comprises a single contact layer;
the first lower electrode is electrically connected to the
driving thin-film transistor of the first subpixel through
a contact hole in the circuit device layer; and
a first insulation layer and a second insulation layer are
between the first lower electrode and the first contact
electrode.
5. The electroluminescent display apparatus of claim 1,
wherein:
the second upper electrode is electrically connected to the
driving thin-film transistor of the second subpixel
through a second contact electrode;
the second contact electrode comprises:
a second lower contact electrode; and
a second upper contact electrode;
the second lower contact electrode is between the second
upper contact electrode and the driving thin-film tran-
sistor of the second subpixel, the second lower contact
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electrode electrically connecting the second upper con-
tact electrode to the driving thin-film transistor of the
second subpixel;

the second upper contact electrode is between the second

lower contact electrode and the second upper electrode,
the second upper contact electrode electrically connect-
ing the second lower contact electrode to the second
upper electrode; and

a first insulation layer and a second insulation layer are

between the second lower contact electrode and the
second upper contact electrode.

6. The electroluminescent display apparatus of claim 5,
wherein the second lower electrode is not electrically con-
nected to the second upper electrode and the second contact
electrode.

7. The electroluminescent display apparatus of claim 5,
wherein the second lower electrode is electrically connected
to a side surface of the second upper contact electrode.

8. The electroluminescent display apparatus of claim 1,
wherein:

the first electrode of the third subpixel comprises:

a third lower electrode; and a third upper electrode;
a distance between the third lower electrode and the third
upper electrode differs from:
the distance between the first lower electrode and the
first upper electrode; and
the distance between the second lower electrode and
the second upper electrode; and
the third lower electrode is electrically connected to the
driving thin-film transistor of the third subpixel through
a third contact electrode.
9. The electroluminescent display apparatus of claim 8,
wherein:
the third contact electrode comprises:
a third lower contact electrode; and
a third upper contact electrode;

the third lower contact electrode is between the third
upper contact electrode and the driving thin-film tran-
sistor of the third subpixel, the third lower contact
electrode electrically connecting the third upper contact
electrode to the driving thin-film transistor of the third
subpixel; and

the third upper contact electrode is between the third

lower contact electrode and the third lower electrode,
the third upper contact electrode electrically connecting
the third lower contact electrode to the third lower
electrode.

10. The electroluminescent display apparatus of claim 8,
wherein:

the third contact electrode comprises a single contact

layer;
the third contact electrode is electrically connected to the
driving thin-film transistor of the first subpixel through
a contact hole in the circuit device layer; and

a first insulation layer and a second insulation layer are
between the third contact electrode and the third lower
electrode.
11. The electroluminescent display apparatus of claim 8,
wherein:
the third upper electrode comprises:
a third lower layer; and
a third upper layer; and

the third lower layer has a same pattern as a pattern of the
third lower electrode in an upper surface of the third
lower electrode.

12. The electroluminescent display apparatus of claim 11,
further comprising:
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wherein the third upper layer has the same pattern as the
pattern of the third lower layer, and

wherein the bank covers both ends of the third upper
layer.

13. The electroluminescent display apparatus of claim 11,

further comprising:

wherein the third upper layer has a pattern differing from
the pattern of the third lower layer,

wherein the bank does not cover one end of the third
upper layer, and

wherein the light-emitting layer contacts the third lower
layer.

14. The electroluminescent display apparatus of claim 8,

wherein:

the first upper electrode comprises:

a first lower layer; and
a first upper layer;

the first lower layer has a same pattern as a pattern of the
first contact electrode; and

the first upper layer has a pattern differing from a pattern
of the first lower layer.

15. The electroluminescent display apparatus of claim 14,

wherein:

the first contact electrode comprises:

a first lower contact electrode; and
a first upper contact electrode;

the first lower contact electrode is between the first lower
electrode and the first upper contact electrode;

the first upper contact electrode is between the first lower
contact electrode and the first upper electrode; and

the first lower layer has a same pattern as a pattern of the
first upper contact electrode in an upper surface of the
first upper contact electrode.

16. The electroluminescent display apparatus of claim 8,

further comprising:

a second contact electrode electrically connecting the
second upper electrode to the driving thin-film transis-
tor of the second subpixel,

wherein the second upper electrode comprises:
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a second lower layer, and
a second upper layer,

wherein the second lower layer has a same pattern as a

pattern of the second contact electrode, and

wherein the second upper layer has a pattern differing

from the pattern of the second lower layer.
17. The electroluminescent display apparatus of claim 16,
wherein:
the second contact electrode comprises:
a second lower contact electrode; and
a second upper contact electrode;

the second lower contact electrode is between the second
lower electrode and the driving thin-film transistor of
the second subpixel;
the second upper contact electrode is between the second
lower electrode and the second upper electrode; and

the second lower layer has a same pattern as a pattern of
the second upper contact electrode in an upper surface
of the second upper contact electrode.

18. The electroluminescent display apparatus of claim 8,
wherein:

a number of insulation layers between the second lower

electrode and the second upper electrode is smaller than
a number of insulation layers between the first lower
electrode and the first upper electrode; and

the number of insulation layers between the second lower

electrode and the second upper electrode is larger than
a number of insulation layers between the third lower
electrode and the third upper electrode.

19. The electroluminescent display apparatus of claim 1,
wherein a portion of the first electrode contacting the
light-emitting layer has one work function.

20. The electroluminescent display apparatus of claim 1,
further comprising:

a lens array spaced apart from the substrate; and

an accommodating case configured to accommodate the

substrate and the lens array.
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